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Preface
This report summarizes the Ranger TV Subsystem program. This work
was performed by the Radio Corporation of America, under JPL Contract
No. 950137, for the Jet Propulsion Laboratory of the California Institute
of Technology, Pasadena, California. The period covered by this, the
Final Report on the program, extends from July, 1961 through July, 1965.
The report is submitted in five volumes:
Volume 1 Summary
Volume 2 Subsystem Analysis
Volume 3 TV Subsystem Design
Volume 4 Manufacturing, Product Assurance, and Test
Volume 5 Evaluation
This volume, Volume 3, contains a discussion of the development, and
the final design of the following: ......................
• Camera Group,
• Telecommunications Group,
• Command and Control Group,
• Power Group,
• Thermal Group,
• Structure Group, and
• Operational Support Equipment.
iii
Table of Contents
Section
I CAMERA GROUP ..................................
A. PROPOSED TELEVISION CAMERA GROUP .............
i. General ...................................
2. Design Approach .............................
3. Cameras ..................................
4. Control Programmer and Camera Sequencer ...........
5. Color Experiment .............................
B. INITIAL CONFIGURATION OF CAMERA GROUP .........
I. Design Philosophy ............................
2. Description .................................
3. Detailed Performance Goals .....................
4. Design ....................................
5. Test Verification ............................
C. CAMERA GROUP DESIGN MODIFICATIONS TO
IMPLEMENT SPLIT-SYSTEM CONCEPT ..............
1. General ...................................
2. Design Modifications ..........................
3. Optimum Focusing of the Cameras ................
4. Test Verification .............................
D. VIDICON DEVELOPMENT AND TEST PROGRAM .........
i. Performance Summary .........................
2. Vidicon Test Program .........................
3. Measurement of Vidicon Sensitivity ................
4. Measurement of Spectral Response of a Vidicon
Camera ................................
5. Determination of Value of Collimator Brightness
Required to Simulate Lunar Surface Luminance ......
E. FUNCTIONAL DESCRIPTION OF THE FINAL CONFIGURA-
TION OF THE CAMERA GROUP ...................
1. General ...................................
2. Cameras ..................................
3. Camera Electronics Assembly
Page
I
1
3
3
10
14
20
20
20
22
22
38
39
39
43
55
62
63
63
65
69
76
81
83
83
85
91
V ¸
Table of Contents (Continued)
Section
II
4. Video Combiner .............................
5. Camera Sequencer ...........................
TELECOMMUNICATIONS GROUP .......................
A. PROPOSED DESIGN ..............................
1. General ...................................
2. Design Philosophy ............................
3. Proposed Communications Design .................
4. RF Link Considerations ........................
B. INITIAL TELECOMMUNICATIONS DESIGN AND
DEVELOPMENT ...............................
i. General ...................................
2. Functional Description and Operation ...............
3. Derivation of Communications Parameters ...........
4. Transmitter Assembly .........................
5. Power Amplifier Assembly .....................
6. Transmitter Power Supply ......................
7. Four-Port Hybrid Assembly .....................
8. Dummy Load Assembly ........................
9. Telemetry Processor Assembly ..................
10. Signal Sampler ..............................
11. 890-Mc Filter ...............................
12. Telemetry Assembly ..........................
13. Temperature Sensor Assembly ...................
14. Telemetry Power Supply .......................
C. MODIFICATIONS TO THE INITIAL TELECOMMUNICATIONS
DESIGN .....................................
1. Video Combiner Assembly ......................
2. Transmitter Assembly .........................
3. Pressurization of RF Components .................
4. Power Amplifier Assembly .....................
5. Dummy Load Assembly ........................
6. Transmitter Power Supply Assembly ...............
7. Telemetry Assembly ..........................
8. Deletion of Signal Sampler and Right-Angle Connectors . .
9. RF Connectors ..............................
Page
100
102
109
109
109
109
110
113
116
116
118
119
124
128
129
129
130
131
131
132
133
138
139
140
140
140
142
143
144
144
145
146
146
vi
Table of Contents (Continued)
Section Page
III
D. TELECOMMUNICATIONS DESIGN MODIFICATIONS RESULTING
FROM SPLIT-SYSTEM CONCEPT ....................
1. Transmitter Assembly Modifications ................
2. Transmitter Power Supply .......................
3. Pressure Vessels .............................
E. ADDITIONAL MODIFICATIONS TO THE TELECOMMUNICA-
TIONS GROUP .................................
1. X12 Frequency Multiplier Circuit ..................
2. IPA Transient Problems ........................
3. Four-Port Hybrid Development ....................
F. DESIGN MODIFICATIONS RESULTING FROM RANGER VI
FLIGHT EVALUATION ...........................
1. Conformal Coating and Potting of Subassemblies .......
2. Revision of Telemetry Logic .....................
3. Modifications to Telemetry-Monitoring Circuits ........
4. Current Sensing Group ..........................
5. Telemetry Assembly ...........................
G. POST-RANGER VII MODIFICATIONS ...................
1. Replacement of Intermediate Power Amplifier Assembly . .
2. Transmitter Power Supply Assembly ................
3. Other Telecommunications Modifications .............
H. FINAL DESIGN CONFIGURATION .....................
1. Telecommunications Group Description and Operation ....
2. Communications Operation .......................
3. Telemetry Operation ..........................
CONTROLS GROUP .................................
A. PROPOSED CONTROLS GROUP ......................
i. Design Approach .............................
2. Technical Description ..........................
147
147
149
149
149
149
150
151
160
160
160
161
162
162
163
163
163
163
164
164
165
167
173
173
174
175
vii
Table of Contents (Continued)
Section
IV
Bo
Co
DESIGN AND DEVELOPMENT OF INITIAL CONTROLS
GROUP CONFIGURATION ........................
I. General ...................................
2. Design ...................................
3. Command Switch .............................
4. Test Plan for Command Switch ...................
DESIGN MODIFICATIONS RESULTING FROM SPLIT-SYSTEM
CONCEPT ...................................
i. General ...................................
2. Design Approach .............................
3. Command Switch .............................
4. Distribution Control Unit (DCU) ..................
5. Power Control Unit (PCU) ......................
6. Electronic Clock .............................
D. DESIGN MODIFICATIONS AFTER RANGER VI ...........
i. General ...................................
2. Design Approach .............................
3. Electronic Clock .............................
4. Command Control Unit (CCU) ....................
5. Distribution Control Unit (DCU} ...................
POWER GROUP ...................................
A. PROPOSED POWER GROUP CONFIGURATION ...........
I. Design Approach .............................
2. Technical Description of the Proposed Group .........
B. DESIGN AND DEVELOPMENT OF POWER GROUP
CONFIGURATION ..............................
i. Initial Configuration ...........................
2. Split-System Configuration ......................
C. DESIGN AND DEVELOPMENT OF BATTERIES ...........
i. Initial Design ...............................
Page
177
177
180
183
184
185
185
185
187
187
192
194
197
197
197
198
198
204
209
209
209
2O9
210
210
214
215
215
..°
VIII
Table of Contents (Continued)
Section
V
Page
2. Battery Fabrication .............................. 217
3. Battery Test and Evaluation ......................... 218
4. Battery Improvements ............................. 221
D. DESIGN AND DEVELOPMENT OF VOLTAGE REGULATORS ......
1. Initial Design ..................................
2. Split-System Configuration .........................
3. Modifications after Ranger VI .......................
THERMAL GROUP .....................................
A. INITIAL-DESIGN CONSIDERATIONS ......................
1. Design Variables and Operational Requirements ...........
2. Thermal-Model Concept ...........................
3. Analysis of Thermal Model .........................
4. Studies Performed ...............................
222
222
228
229
233
233
233
233
234
234
B. THERMAL-VACUUM TESTING OF THERMAL CONTROL MODEL . . 238
1. Pretest Predictions and Calculations ................... 238
2. Preparations for Testing ........................... 241
3. Thermal-Vacuum Tests ............................ 242
4. Test Analysis .................................. 243
5. Summary of Test Results .......................... 246
C. THERMAL-VACUUM TESTING OF PROOF TEST MODEL ....... 248
1. Preparation for Testing ........................... 248
2. Thermal-Vacuum Tests ........................... 250
3. Test Analysis .................................. 254
4. Summary of Test Results .......................... 254
D. EVALUATION OF INITIAL DESIGN ...................... 256
E. THERMAL MODIFICATIONS RESULTING FROM SPLIT-
SYSTEM CONCEPT ................................ 256
F. SOLAR SIMULATION TESTS ...... , .................... 256
G. THERMAL DESIGN OF RANGER VI TV SUBSYSTEM .......... 256
1. Thermal-Vacuum Tests ........................... 258
2. Flight Preparation of Thermal Surfaces ................. 259
3. Flight Information ............................... 259
ix
Table of Contents (Continued)
Section
VI
H. EVALUATION OF RANGER VI MISSION ...............
1. Thermal-Vacuum Tests of Flight Model III-4 ..........
2. Analytical Calculations of External Energy Input .......
3. Empirical Predictions of Flight Temperatures ........
I. THERMAL DESIGN OF RANGER VII, VIII, AND IX
TV SUBSYSTEM ..............................
1. Temperature Prediction Methods ..................
2. Paint Selection ..............................
3. Ranger VII Temperature Predictions ...............
4. Analysis of Lunar Radiation Effect ................
5. Ranger VIII Temperature Predictions ..............
6. Ranger IX Temperature Predictions ...............
STRUCTURE GROUP ................................
A. REQUIREMENTS ................................
B. DESIGN OF STRUCTURE ..........................
C. STRESS ANALYSIS ..............................
I. Design Criteria .............................
2. Design Configuration ..........................
3. Center-of-Gravity and Moment-of-Inertia Calculations ...
4. Shear and Bending Moment Diagrams ..............
5. Minimum Margins of Safety .....................
D. DESIGN MODIFICATIONS ..........................
i. Camera Mounting Bracket Modification .............
2. Thermal Shroud Modifications ...................
3. Split-System Modification .......................
4. Minor Modifications ..........................
E. STRUCTURAL TEST PROGRAM .....................
i. Mechanical Test Model Testing ...................
2. Proof Test Model Testing ......................
3. Acceptance Tests ............................
4. Summary of Test Program ......................
Page
259
262
262
266
268
268
268
269
269
270
271
273
273
273
274
275
280
281
282
283
283
283
285
289
289
289
289
292
302
302
X
Table of Contents (Continued)
Section
VII OPERATIONAL SUPPORT EQUIPMENT ...................
A. INITIAL DESIGN ................................
1. Requirements ...............................
2. Equipment Functions ..........................
3. Equipment Performance Analysis ..................
4. Modes of Operation ..........................
5. Self-Test Features ...........................
6. Communications Equipment .....................
7. TV Record and Display Equipment Operation .........
8. Checkout Equipment Operation ...................
B. MODIFICATIONS AND REDESIGN ....................
1. Communications Equipment .....................
2. TV Record and Display Equipment ................
3. Checkout Equipment ..........................
4. Request for Drawing Changes ....................
C. FINAL OSE CONFIGURATION AND PERFORMANCE
ANALYSIS ...................................
1. Design Summary ............................
2. Communication Equipment Performance .............
3. TV Record and Display Equipment Performance .......
4. Final System Performance Parameters .............
Page
311
311
311
311
312
313
315
317
326
334
34O
340
344
349
351
353
353
365
366
371
xi
List of Illustrations
Figure
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Page
Proposed Camera Group, Functional Block Diagram ................ 2
Camera Block Diagram, Proposed TV Subsystem .................. 4
Vidicon Transfer Characteristic ............................. 5
Camera Sequencer Block Diagram, Proposed TV Subsystem ........... 11
Schematic Diagram of Typical Logic Circuits ..................... 12
Timing Pulses from Camera Sequencer ......................... 13
Spectral Distributions of Tricolor Primaries ..................... 15
Tricolor Camera Spectral Sensitivity Curves ..................... 17
Spectral Sensitivity of a Standard Vidicon ....................... 18
Transmission Characteristics of Camera Filters ................... 19
Initial Configuration of Camera Group, Functmnal Block Diagram ....... 21
Camera Signal-to-Noise Ratio vs Scene Luminance
(t = 1 msec, 2 msec) .................................... 25
Camera Shutter, Functional Diagram .......................... 26
Shutter Solenoid, Design Utilized to Obtain High-Flux Air Gap .......... 26
Cutaway View of Shutter Solenoid Showing Construction of Moving Coil .... 27
Cutaway View of Shutter Solenoid Assembly ...................... 28
Deflection Amplifier, Basic Functional Schematic .................. 29
Vidicon Cathode Current (G1) Regulator, Functional Diagram .......... 31
Basic Flip-Flop Multivibrater, Schematic Diagram ................. 31
Basic NOR Gate Circuit, Schematic Diagram ..................... 31
xii
Figure
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
List of Illustrations (Continued)
Page
F-Division Chain ........................................ 32
P-Division Chain ........................................ 32
Horizontal Synchronizing Pulse Derivation ...................... 33
Filter-Wheel Positioning Circuit, Block Diagram .................. 33
Summing-Mixing Amplifier, Schematic Diagram ................... 34
Analog Gate, Schematic Diagram ............................. 34
Summing Amplifier Preemphasis Characteristic ................... 35
Cutaway View of Yoke and Vidicon Assembly ..................... 36
Cutaway View of F-Camera Head with 75-mm Lens ................. 37
Cutaway View of P-Camera Head with 25-mm Lens, Showing
Circular Pre amplifier ................................... 39
Look Angles and Projected Image Overlaps with the Inclusion of the
New Wide-Angle Lenses .................................. 44
Relative Illumination and Field Curvature versus Half-Field Angle
for 25-ram, f/0.95 Lens ................................. 45
Modified Camera Subsystem Characteristic Curves: Gain Versus
Scene Brightness ...................................... 45
Cross-Section of Lens Mounting used with the 25-mm, f/0.95 Lens ...... 46
F-Camera Video Received at OSE via Hard Line; Shutter without
Electrostatic Shield and All Cameras Operating ................. 47
F-Camera Shutter without Electrostatic Shield .................... 47
F-Camera Shutter with Electrostatic Shield ...................... 47
Improved F-Camera Video Received at OSE via Hard Line; Shutter
with Electrostatic Shield and All Cameras Operating .............. 47
ooo
Xlll
List of Illustrations (Continued)
Figure
39
40
41
42
43
44
45
46
47
48
49
5O
51
52
53
54
55
56
57
58
Page
New Shutter-Mounting Isolator Design .......................... 48
Shutter Shock Effects ..................................... 49
Results of Nuvistor Isolator Shock Tests ........................ 51
Extent of Vignetting Prior to Modification of Shutter Aperture .......... 52
Effect of Enlarged Aperture on F-Camera Video ................... 52
F-Camera Video with Fixed Shutter Aperture Removed .............. 52
Types of Video Waveforms in Free-Running Mode .................. 53
Schematic Diagram of Modified G1 Regulator ..................... 54
Schematic Diagram of Modified Camera Electronics High-Voltage
Regulator ........................................... 54
Horizontal Deflection Waveforms for Rapid-Scan Erase .............. 56
Functional Block Diagram of Rapid-Scan Erase Circuits .............. 57
Timing Signals for Rapid-Scan Erase .......................... 58
Maximum Error in the Infinity Focus of the Telescope ............... 59
Camera Focus Error Caused by Focusing with a Telescope ............ 59
Depth of Focus for the 75-mm (3-inch) Focal Length Camera .......... 60
Depth of Focus for the 25-mm (1-inch) Focal Length Camera .......... 61
Vidicon Sensitivity versus Illumination ......................... 67
Typical Response Curve of a P-Camera ......................... 68
Shading and Residual Image as a Function of Lamp Drive Assembly
Limiting Resistance .................................... 69
Electrical Depth of Field .................................. 70
xiv
List of Illustrations (Continued)
Figure
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
Page
Signal Current and Mask Error versus Temperature ................ 71
Vidieon Response versus Temperature ......................... 72
Vidicon Response as a Function of Cathode Current and Temperature ..... 72
Dark Current and Gamma versus Temperature ................... 73
Residual Image as a Function of Temperature ..................... 73
White- and Black-Field Shading before Correction ................. 75
White- and Black-Field Shading after Correction .................. 75
Comparison of the Solar Spectrum with the Spectral Distribution of the
Test Light Source ...................................... 77
Transfer Characteristics of Vidicons ........................... 78
Test Arrangement for Determining Vidicon Transfer Characteristics
with Monochromatic Radiation ............................. 79
Transfer Characteristics of Vidicons Measured with Monochromatic
Radiation ........................................... 80
Spectral Emission of Collimator for Various Lamp Voltages ........... 84
Comparison of the Spectral Sensitivity of the Eye and that of the
Photometer used to Set Collimator Luminance ................... 84
F-Camera Section of Camera Group, Functional Diagram ............. 85
P-Camera Section of Camera Group, Functional Diagram ............. 86
Functional Diagram of Individual Camera ........................ 87
Final Configuration of the Fa-Camera Subassembly ................. 87
Final Configuration of the Fb-Camera Subassembly ................. _7
xv
Figure
77
78
79
8O
81
82
83
84
85
86
87
88
89
9O
91
92
93
94
List of Illustrations (Continued)
Final Configuration of the Pl and P2 Camera
Subassemblies .....................................
Final Configuration of the P3 and P4 Camera
Subassemblies .....................................
Final Configuration of Camera Electronics
Assemblies ......................................
Final Configuration of Video Combiner Assembly ..............
Final Configuration of Sequencer Assembly ..................
Final Configuration of Sequencer Power Supply
Assembly ........................................
Final Configuration of Filter Assembly ......................
Arrangement of Camera Components .......................
Operating Cycle of Camera ..............................
Functional Diagram of the Camera Electronics ................
Result of Video Compensation ............................
Block Diagram of the Video Amplifier ......................
Functional Diagram of the Line Clamp and Video Output Circuit .....
Functional Diagram of the Deflection Programmer .............
Functional Diagram of the Vidicon Blanking Circuit ..............
Functional Diagram of the Vidicon Beam-Current Regulator ........
General Functional Diagram of the Deflection Amplifier ..........
Detailed Functional Diagram of the Deflection Amplifier ..........
Page
88
88
88
88
89
89
89
9O
91
93
94
94
95
96
97
97
98
99
xvi
List of Illustrations (Continued)
Figure
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
Page
Block Diagram of the Focus-Current Regulator ................... 100
Functional Diagram of the Shutter Drive Circuit ................... 101
Block Diagram of the Erase-Lamps Drive Circuit .................. 102
Block Diagram of the Inverters and Regulators .................... 103
Functional Diagram of Video Combiner ......................... 104
Functional Diagram of the Video Amplifier of the Video Combiner ....... 105
Components of Zin and Zf .................................. 105
Frequency and Phase Characteristics of Video Amplifier ............. 105
General Functional Diagram of Camera Sequencer .................. 106
Binary Counter Logic ..................................... 106
Logic Gate ............................................ 106
Horizontal Syne Pulses .................................... 107
Logic Function Levels used to Derive the Inverted Horizontal
Sync Pulses .......................................... 108
NOR Gate Synthesis of BCD ................................ 108
Derivation of B + C + D ................................... 108
Functional Diagram of Camera Sequencer Power Supply .............. 108
Full-Power Command Storage Logic .......................... 108
Block Diagram of the Proposed Communications Design .............. 111
Alternate Communications Design No. 2 ........................ 112
Video Preemphasis Curve ................................. 113
xvii
List of Tables
Table
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
Performance Summary for Proposed Camera Group ...........
F-Camera Performance Goals ..........................
P-Camera Performance Goals ..........................
Camera Sequencer Performance Goals ....................
Sequencer Power Supply Performance Goals ................
Video Combiner Performance Goals ......................
Typical Qualification Test Measurements on F Camera .........
Typical Camera Performance Measurements During Flight
Acceptance Tests ...................................
F-Camera Revised Acceptance Criteria ....................
P-Camera Revised Acceptance Criteria ....................
Initial Vidicon Performance Characteristics .................
F-Camera Vidicon Performance Characteristics at Conclusion
of Vidicon Development Effort ..........................
P-Camera Vidicon Performance Characteristics at Conclusion
of Vidicon Development Effort ..........................
Shading Vs. Axial Yoke Displacement (Typical) ..............
Results of Shading Improvement Techniques .................
Characteristics of the Time-Division Functions ..............
Allowable States of Flip-Flops A, B, C and D ................
Proposed System Performance Parameters ................
Summary of Carrier-to-Noise Ratio Calculations .............
Page
9
23
24
24
25
25
40
42
62
63
64
65
66
74
75
107
107
115
120
xxviii
Figure
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
List of Illustrations (Continued)
Page
Ranger Flight RF Connectors ................................ 155
Modified RF Connector Designed to Impede RF Voltage Breakdown ....... 155
Coaxial Four-Port Hybrid Connector Cross Section ................. 155
Solid-Void Dielectric Modification of the Four-Port Hybrid Connector ..... 156
Cycled Pressure Environment of the IonizationBreakdown Test ......... 156
Drawing of the Stripline Four-Port Hybrid Assembly ................ 157
TNC Connector Mating in Stripline Four-Port Hybrid Ring ............ 157
Components of the StriplineFour-Port Hybrid .................... 158
Assembled Stripline Four-Port Hybrid Assembly .................. 158
Temperatures of Four-Port Hybrid during Multipactor Breakdown Test .... 159
Telemetry Output as a Function of the HCVR Regulated Voltage Output .... 161
Modified Telemetry Circuit in HCVR ........................... 162
Revised Telemetry Outputs from Electronic Clock ................. 162
Final Configuration of the Transmitter Assembly ................. 164
Final Configuration of the Power-Amplifier Assembly .............. 164
Final Configuration of the Transmitter Power Supply Assembly ....... 165
Final Configuration of the Telemetry Processor Assembly .......... 165
Final Configuration of the Telemetry Assembly .................. 165
Final Configuration of the Telemetry Assembly .................. 165
Final Configuration of the Temperature Sensor Assembly ........... 166
Final Configuration of the Current Sensing Unit .................. 166
xix
List of Illustrations (Continued)
Figure
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
Page
Final Configuration of the Current Sensing Transformer ............ 166
Telemetry Assembly Logic Diagram .......................... 168
Proposed Overall Mission Sequence ........................... 173
Altitude Versus Velocity ................................... 174
Final Camera Sequence .................................... 174
General Arrangement of Proposed TV Subsystem Groups ............. 177
Logic Circuitry for the Proposed Controls Group .................. 178
Proposed Control Group, Timing Diagram ...................... 179
Initial Design of Controls Group, Block Diagram ................... 181
TV Subsystem Controls Group, Schematic Diagram ................. 182
Command Switch, Bloek Diagram ............................. 183
Photograph of Command Switch Assembly ....................... 183
Controls Group, Split-System Configuration, Block Diagram .......... 186
Command Switch Assembly, Partial Schematic Diagram .............. 187
Command Switch, Special Test Circuit ......................... 188
"Cruise-Mode Telemetry" Command Circuitry, Simplified Schematic
Diagram ............................................ 189
Subsystem Turn-On Circuitry, Simplified Schematic Diagram .......... 192
F-Channel Power Turn-Off Circuitry .......................... 193
Power Control Unit (PCU), Block Diagram ....................... 193
PCU, Typical Turn-Off Pulse ............................... 194
xx
List of Illustrations (Continued)
Figure
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
Page
PCU, Test Fixture Circuit ................................. 194
Electron_c Clock, Logic Block DiagTs_m ......................... 196
Revised Electronic Clock Diagram ............................ 196
Controls Group, Revised Block Diagram ........................ 199
Controls Group, Revised Logic Diagram ........................ 200
Photograph of Electronic Clock .............................. 201
Command Control Unit (CCU), Block Diagram ..................... 201
Photograph of Command Control Unit (CCU) ...................... 202
CCU, F-Channel Turn-Off Circuitry, Simplified Schematic Diagram ...... 202
CCU, Clock Start Command Circuitry, Simplified Schematic Diagram ..... 203
CCU, Cruise Mode Command Circuitry, Simplified Schematic Diagram .... 203
CCU, Electrical Test Configuration ............................ 205
CCU, Vibration Sensing Test Fixture, Schematic Diagram ............ 206
Distribution Control Unit (DCU), Revised (Post RA-6) Block Diagram ..... 206
Photograph of Distribution Control Unit (DCU) ..................... 207
Proposed Arrangement of Power Group Configuration Block Diagram ..... 209
Power Distribution Network and Required Output Voltage ............. 211
Power Drain Profile for Timer and Sequencer .................... 212
Power Drain Profile for Voltage Regulator ....................... 212
Power Drain Profile for Camera .............................. 212
Power Drain Profile for Telemetry and Communications ............. 212
xxi
Figure
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
List of Illustrations (Continued)
Page
Total Unregulated Power Drain ............................... 212
Total Regulated Power Drain ................................ 212
Total Power-Draln Profile ................................. 214
Initial Battery-Regulator Interconneetion, Block Diagram ............. 214
Initial Configuration of the Power Group, Block Diagram ............. 214
Split-System Configuration of the Power Group, Block Diagram ........ 215
Typical Battery Discharge Curves for the Power Group .............. 217
Typical Cell-Voltage-Discharge Curves ......................... 218
Initial-Design Battery Configuration ........................... 218
Modified-Design Battery Configuration .......................... 222
Initial-Design Voltage Regulator, Block Diagram ................... 223
Low-Current Voltage Regulator, Schematic Diagram ................ 224
Engineering Test Models of the High- and Low-Current Voltage
Regulators ........................................... 225
Proof Test Models of the High- and Low-Current Voltage Regulators ..... 226
Final Configuration of HCVR and LCVR ......................... 231
Configuration of Initial Thermal Model ......................... 233
Thermal Analysis Model of Subsystem .......................... 239
Thermal Analysis Model of Electronic Module .................... 240
Location of Heaters on TCM ................................. 242
Temperature-Time Characteristics of F-Channel Power Amplifier
(-X) and Mounting Surface ................................. 245
xxii
IList of Illustrations (Continued)
Figure
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
Temperature-Time Characteristics of P-Channel Power Amplifier
(-X) and Mounting Surface .................................
Temperature-Time Characteristics of Dummy Load Mounting Surface .....
Temperature-Time Characteristics of Camera Assembly .............
Temperature-Time Characteristics of F-Channel Transmitter Power
Supply (+X) and Mounting Surface ............................
Temperature-Time Characteristics of P-Channel Transmitter Power
Supply (-X) and Mounting Surface ............................
Temperature-Time Characteristics of Telemetry Assembly and
Mounting Surface ......................................
Temperature-Time Characteristics of P-Channel Sequencer Power
Supply and Mounting Surface ...............................
Temperature-Time Characteristics of Camera Electronics Assemblies . . .
Temperature-Time Characteristics of Video Combiner Mounting Surface...
Temperature-Time Characteristics of Camera Sequencer and Mounting
Surface .............................................
Temperature-Time Characteristics of F-Channel Battery (+X) and
Mounting Surface .......................................
Temperature-Time Characteristics of P-Channel Battery (-X) and
Mounting Surface .......................................
Temperature-Time Characteristics of F-Channel High-Current
Regulator and Mounting Surface .............................
Temperature-Time Characteristics of F-Channel Transmitter
(+Y) and Mounting Surface ................................
Temperature-Time Characteristics of P-Channel Transmitter
(-Y) and Mounting Surface ................................
Page
245
246
246
247
247
248
248
Z49
249
250
250
251
251
252
252
xxiii
List of Illustrations (Continued)
Figure
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
Page
Temperature Distribution on Thermal Shroud (+Y) during Cruise Mode
without Power ........................................ 253
Temperature Distribution on Thermal Shroud (-Y) during Cruise Mode
without Power ......................................... 253
Temperature Distribution on Upper Section of Thermal Shroud (+Y)
during Cruise Mode without Power .................. . . . . . . . . . 253
Temperature Distribution on Upper Section of Thermal Shroud (+Y)
during Cruise Mode with Power .............................
253
Temperature Distribution on Thermal Shroud (+Y) during Cruise Mode
with Power ........................................... 254
Temperature Distribution on Thermal Shroud (-Y) during Cruise Mode
with Power ........................................... 254
Temperature-Time Characteristics of Video Combiner during Simulated
Flight in Earth's Shadow .................................. 254
Final Thermal Configuration ................................ 259
Internal Battery Temperatures for Ranger TV Subsystem ............. 260
"Top Hat (-Y Side) Temperatures for Ranger VI TV Subsystem .......... 261
Thermal Shroud (-Y Side, below Fin A) Temperatures for Ranger VI
TV Subsystem ........................................ 261
Duplication of Internal Battery Temperature-Time Characteristics ...... 263
263Duplication of Top Hat (-Y Side) Temperature-Time Characteristics .....
Duplication of Thermal Shroud (-Y Side, below Fin A) Temperature-
Time Characteristics .................................. 264
TV Subsystem Structure ................................... 273
Fatigue Equivalence of White Noise ............................ 279
xxiv
List of Illustrations (Continued)
Figure
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
Page
Minimum Axial Fatigue Values for a Mildly Notched Specimen ......... 285
Design Configuration for TV Subsystem ........................ 287
Reference Station Locations Along Structure ...................... 292
Shear Diagram for lg Lateral Loading .......................... 293
Bending Moment Diagram for lg Lateral Loading ................... 294
Response of PTM Structure to X-axis Excitation ................... 308
Response of PTM Structure to Y-axis Excitation ................... 309
Accelerometer Locations on Command Control Unit ................. 309
Echo Site, Functional Block Diagram .......................... 312
Pioneer Site, Functional Block Diagram ......................... 313
Ground Station Signal Levels ................................ 313
Checkout Site Equipment, Functional Block Diagram ................ 316
Record IF Amplifier, Block Diagram .......................... 319
Test Transmitter, Block Diagram ............................ 320
Telemetry Simulator, Block Diagram .......................... 324
Tape Demodulator, Block Diagram ............................ 325
TV Recording and Display Equipment, Block Diagram ............... 327
TV Recording and Display Equipment .......................... 328
Simulated Full Scan Display ................................. 329
Simulated Partial Scan Display ............................... 330
xxv
List of Illustrations (Continued)
Figure
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
Page
Ampex Tape Recorder .................................... 331
Composite Video Signal .................................... 332
F-Camera Composite Sync Timing ............................ 332
P-Camera Composite Sync Timing ............................ 332
Film Recordings ........................................ 335
Checkout Equipment Configuration for TV Subsystem Test ............ 336
Checkout Equipment Configuration for Spacecraft Test ............... 336
System Test Console ..................................... 336
Console Control Panel .................................... 337
Ground Power Supply Equipment ............................. 338
Monitor and Control Equipment, Block Diagram ................... 339
Ba_dpass Sync Separator, Block Diagram ....................... 341
Tape Demodulator Waveforms ............................... 342
Original Demodulation Concept ............................... 343
Main IF Limiter Modifications ............................... 344
Leading Edge Sync Instability ................................ 345
P-Channel Syne Processing, Logic Diagram ...................... 347
Modified System Test Console Control Panel (Split-System) ............ 350
Modified System Test Console ............................... 352
Modified Blockhouse Control Panel ............................ 353
Modified Power Monitor Panel ............................... 355
xxvi
List of Illustrations (Continued)
Figure
289
290
291
292
293
294
295
296
297
298
299
300
301
302
Page
OSE Installation at Echo Site ................................ 355
Echo Site Communications Configuration, Block Diagram ............. 356
Composite Signal Spectra .................................. 364
CRT Calibration Curve, Film Recorder 1 ....................... 369
CRT Calibration Curve, Film Recorder 2 ....................... 369
CRT Calibration Curve, Film Recorder 3 ....................... 369
CRT Calibration Curve, Film Recorder 4 ....................... 369
System Calibration Curve, Film Recorder 1 ..................... 370
System Calibration Curve, Film Recorder 2 ..................... 370
System Calibration Curve, Film Recorder 3 ..................... 370
System Calibration Curve, Film Recorder 4 ..................... 370
Negative Processing Curve ................................. 371
OSE Jitter Performance ................................... 372
OSE Resolution Capability .................................. 373
xxvii
List of Illustrations (Continued)
Figure
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
Page
Receiver Configuration Using Standard IRIG Telemetry Modules ......... 116
RF Spectrum, Without 960-Mc Bus Transmitter ................... 116
Initial Configuration of the Telecommunications Group ............... 117
Spacecraft Frequency Allocations ............................. 118
Telemetry Equipment Block Diagram ........................... 119
Straight-Line Approximations of Preemphasis and Deemphasis
Considerations ........................................ 124
Transmitting Channel Block Diagram .......................... 124
Modulator Deviation Characteristic (Total Dynamic Range) ............ 126
Modulator Deviation Characteristic (Expanded Plot) ................ 126
Typical Low-Range Temperature Sensor Circuit ................... 139
Typical Temperature-Sensor Response Curves ................... 139
Typical High-Range Temperature-Sensor Circuit ................... 140
X4 Multiplier Output as a Function of Input Tuning Capacitor Rotation .... 141
Modulator Center Frequency Drift with Respect to Time .............. 148
Transmitter Modification Resulting from Elimination of Second IPA
Stage .............................................. 149
IPA Circuit Configuration .................................. 150
Modified IPA Circuit Configuration ............................ 151
Multipactor and Ionization Breakdown Curves .................... 153
Test Configuration for Multipactor and Ionization Breakdown Tests ...... 154
Multipactor Breakdown Incident Power Profile .................... 154
XVlll
List of Tables (Continued)
Table
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
Electrical and Mechanical Characteristics of the L-Band,
FM Transmitter Assembly .............................
Electrical and Mechanical Characteristics of the Transmitter
Modulator Circuit ...................................
Electrical and Mechanical Characteristics of the Transmitter
X12 Frequency Multiplier Circuit ........................
Electrical and Mechanical Characteristics of the Transmitter
X4 Frequency Multiplier ..............................
Electrical and Mechanical Characteristics of the Transmitter
Intermediate Power Amplifier ...........................
Electrical and Mechanical Characteristics of the Power
Amplifier Assembly ..................................
Electrical and Mechanical Characteristics of the Transmitter
Power Supply Assembly ..............................
Electrical Characteristics of Telemetry Assembly Components . ..
Parameters Sampled by 15-Point Commutator ...............
Parameters Sampled by 90-Point Commutator ...............
Low-Range Thermistor Locations .......................
High-Range Thermistor Locations .......................
Electrical Characteristics of Four-Port Hybrid Assembly .......
Electrical Characteristics of Four-Port Hybrid After
Breakdown Test ....................................
TV Subsystem Data Points Monitored During Launch and Cruise
Mode by 15-Point Commutator .........................
TV Subsystem Data Points Monitored During Terminal Mode by
90-Point Telemetry Commutator ........................
Page
125
127
128
129
130
131
132
134
135
136
139
139
158
159
169
170
xxix
List of Tables (Continued)
Table
36
37
38
39
4O
41
42
43
44
45
46
47
48
49
50
51
52
53
Revised Sequence of Events for Controls Group ..............
Command Switch, Breadboard Model, Test Results ...........
Power Distribution for the Ranger TV Subsystem, Split-System
Configuration ......................................
Command Control Unit, Power Inputs .....................
Command Control Unit, Signal Inputs .....................
Power Drain Summary (Watts) ..........................
F-Channel, Time-Discharge Profile ......................
P-Channel, Time-Discharge Profile ......................
Typical Discharge Data at 50 ° F After Increasing Electrolyte
and Recharge ......................................
Qualification Test Program ............................
Dummy Module Thermal Configuration ....................
Comparison of Predicted Energy Inputs and Absorptivities
with TCM Test Data .................................
Comparison of Predicted Module Temperature with TCM Test Data
Comparison of TCM and PTM Thermal-Vacuum Test Temperatures
Thermal-Vacuum Test Data ............................
Thermal Input Energy Values Required During Thermal-Vacuum
Tests of Flight Model III-4 ............................
Computations to Determine the Energy Absorbed by Ranger VI
During Flight ......................................
Comparison Between Actual and Calculated Solar Energy Inputs
for Flight Model Ill-1 ................................
Page
176
184
190
202
203
213
216
216
219
220
235
255
255
257
260
262
265
266
xxx
List of Tables (Continued)
Table
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
Spectral Measurement History of Rangers VI, VH, VIII and IX ....
Predicted Versus Flight Temperatures for Ranger VII TV
Subsystem ........................................
Predicted Versus Flight Temperatures for Ranger VIII TV
Subsystem ........................................
Predicted Versus Flight Temperatures for Ranger IX TV
Subsystem ........................................
Low-Frequency Sine-Wave Accelerations ...................
High-Frequency Response for White Gaussian Noise Input .......
High-Frequency Response for White Noise Plus Sine-Wave Inputs..
Summary of Structure Accelerations ......................
Number of Cycles of Sinusoidal Vibration ..................
High-Frequency Noise, Number of Cycles ..................
Vibration-Induced Stress Levels in the Lateral Direction ........
Vibration-Induced Stress Levels in the Longitudinal Direction ....
Lateral Loading Stresses ..............................
Longitudinal Loading Stresses ..........................
Combined Lateral and Longitudinal Loading ................
Allowable Fatigue Stress for Combined Longitudinal and Lateral
Loads ...........................................
Allowable Principal Stress ............................
Design Criteria for Camera Support Bracket ................
Component Weights and Locations .......................
Page
268
269
270
271
276
276
277
277
279
280
281
282
283
283
284
284
285
289
290
xxxi
List of Tables (Continued)
Table
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
Cross-Section Moments of Inertia ........................
Minimum Margins of Safety ............................
Minor Structural Modifications ..........................
Summary of Structural Test Program .....................
Natural Frequencies of TV Subsystem for X, -X Axis Excitation..
PTM Structure Responses for X-Axis Excitation .............
PTM Structure Responses for Y-Axis Excitation .............
PTM Structure Responses for Z-Axis Excitation .............
PTM Structure Responses for Torsional Excitation ............
PTM Component Accelerations for X-Axis Excitation ..........
PTM Component Accelerations for Y-Axis Excitation ..........
PTM Component Accelerations for Z-Axis Excitation ..........
PTM Component Accelerations for Torsional Excitation ........
Summary of Computed Performance Analysis for RCA DSIF
Communications ....................................
Preamplifier Characteristics ............................
RF Head Characteristics ..............................
Dual-Channel Limiter Amplifier Characteristics .............
Detector Amplifier Characteristics .......................
Record IF Amplifier Characteristics .....................
Phase Lock Detector Characteristics .....................
Page
291
295
297
298
300
301
302
303
303
304
305
306
307
314
317
318
319
320
321
321
xxxii
List of Tables (Continued)
Table
93
94
95
96
97
98
99
100
101
102
103
104
105
Channel-8 Discriminator Characteristics ...................
Strip-Chart Recorder Characteristics .....................
Tape Demodulator Characteristics ........................
Tone Code Identification ...............................
Modifications to TV Record and Display Equipment ............
Split-System Modifications to Checkout Equipment .............
Post-Ranger VI Modifications to Checkout Equipment ..........
Post-Ranger VII Modifications to Checkout Equipment ..........
RDC's Issued for OSE ................................
Receiver Performance ...............................
Ampex Recorder Specifications .........................
Cathode-Ray Tube Specifications .........................
Maximum Jitter Specification ...........................
Page
323
323
326
333
349
35O
351
354
357
366
367
368
373
xxxiii
Section I
Camera Group
A. PROPOSED TELEVISION CAMERA
GROUP
1. General
The proposed Camera Group comprised the
Cameras, the Control Programmers and Cam-
era Sequencers, and a radio altimeter. A
functional block diagram of the proposed Cam-
era Group is shown in Figure 1.
The design included six vidicon cameras to
provide a high degree of versatility and relia-
bility. Two of the cameras had wide-angle fields
of view; the remaining four had narrow-angle
fields. The two different fields of view were
obtainedby aunique method of television raster
formation. The wide field was produced by
scanning the entire active surface of the vidicon;
the narrow fieldwas producedby scanning only
the central area (one-sixteenth of the active
surface of the vidicon. ) The same line density
was used in scanning both types of camera.
This scanning method permittedthe use of iden-
tical optical designs for all cameras, and itwas
selected to simplify procurement and testingof
critical components within a stringent delivery
schedule. However, there was a basic advantage
in the use of this scanning mode. For a fixed
bandwidth and a 16-to-1 ratio of tube areas
(scanned at the same line density), readout time
was reduced by a factor of 16. Therefore, by
using the partial-scan cameras for the last
groula of pictures before impact, amuehcloser
view of _ne lunar surface could have been ob-
tained. The final range of distances for a set
of four partial-scan pictures would have been
between 1100 and 300 meters fromthe surface.
At this distance, the desired resolution of 0.1
to 0.5 meter per line pair could have been
attained with readily a v a i 1a b 1e optical
components.
The fourpartial-scan cameraswere designated
Cameras P1, P2: P3, and P4; the two full-scan
cameras were designated Cameras F a and F b.
The proposed sequence of camera operations
was as follows:
• Expose and read out Cameras Pl, P2,
P3, and P4 in sequence;
• Expose and read out Camera Fa;
• Expose and read out Cameras Pl, P2,
P3, and P4 in sequence; and
• Expose and read out Camera F b.
In order to utilize picture-takingtime fully, the
F a Camera was to be erased during readoutof
the F b Camera, and vice versa.
During the picture-taking mode of the mission,
it was planned to repeat the foregoing sequence
until two seconds before impact. At that time,
the radio altimeter would sense the approach
and start rephasing of the camera cycle. The
rephasing cycle was to ensure that the final
picture sequence would consist of a wide-
angle picture followed by four narrow-angle
pictures.
Two Control Programmers and Camera Se-
quencers were planned to ensure reliability.
In the event that one sequencer failed, the other
was to be turned on by a command from the
ground station. The function of the sequencers
was to provide camera switching control and
sync signals.
One of the F Cameras was to include a free-
running sync generator for emergency use. In
the event of sync failure in the sequencers, a
command from the ground station could turn on
the free-running sync generator to allow con-
tinued operation of one F Camera.
COLOR
WHEELS
3-
PARTIAL
SCAN 'K
CAMERAS
CAMERA F o
FREE-RUNNING
SYNC GENERATOR
CAMERA
F b
CAMERApI
CAMERAp2
I
CAMERAp3 _'_
CAMERA
P4
RADIO
ALTIMETER
VIDEO TO MODULATOR
CAMERA SEQUENCING AND SYNC
CAMERA i <
SEQUENCER
A
CAMERA i _
SEQUENCER
B
CAMERA CYCLE RE-PHASING
Figure 1. Proposed Camera Group, Functional Block Diagram
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A color wheel, which contained three color fil-
ters and one neutral filter, was to be provided
with each F Camera. In operation, the filters
were to be sequentially positioned and syn-
chronized by signals from the Camera
Sequencer.
Power for the cameras was to be supplied from
a 27.5-voltDC supply, regulatedto +0.5 volts.
The total power requirement estimated for the
six cameras was 70 watts.
2. Design Approach
The proposed designfor the Ranger TV Subsys-
tem Camera Group was based upon RCA's
experience with the development of similar
equipment for TIROS, Nimbus, and Rangers
III, IV, and V. These design efforts furnished
a background of successful space-tested equip-
ment and a familiarity with the quality control
and tyue of design required.
The proposed design specified identical image
transducers and optical equipment for the
F Cameras and the P Cameras. The two camera
designs differed only in the deflection circuitry
and deflection yokes. The proposed image
transducer was to be an RCA ASOS (antimony-
sulphide oxy-suiphide) one-inch vidicon. This
This tube required electromagnetic focusing
and deflection and had a real resolution of 36
optical lines per millimeter. The planned scan-
ing formatfor the F Cameras was a 0.44-inch
square with a real resolution of 800 lines and
a frame time of 1.2 seconds. The format for
the P Cameras was a 0.11-inch square with a
real resolution of 200 lines and a frame time of
0.1 second. The selection of a specific lens
system for the proposed cameras was deferred
pending a design evaluation; however, camera
performance was based on the use of a nomi-
nal 76-mm focal length lens.
Vidtcon deflection yoke designs from earlier
RCA space projects were proposed for the cam-
eras to provide a scanning linearity several
times better than that obtained by conventional
methods. Camera circuits were to be
transistorized.
The proposed Control Programmer and Cam-
era Sequencer was a transistorized circuit
designed to provide accurate timing of the
camera waveforms and switching events. The
design was similar to that developed by RCA
for the Nimbus satellite.
Special features of the proposed camera design
included high-precision voltage and current
regulators, stable deflection generators and
amplifiers, a low-noise nuvistorpreamplifier,
a fast-erase circuit to remove the residual
image left by the previous scan, a dark-level
clamp circuit to eliminate excessive dark-
current pedestal, and an electromagnetically
activated shutter.
3. Cameras
a. GENERAL
Each of the proposed cameras consisted of a
camera head and a camera electronics unit.
The functional relationship of the assemblies
contained in these two units is shown in Fig-
ure 2. The shaded blocks in the figure repre-
sent the free-running sync generatorwhichwas
incorporated only in the F a Camera. All of the
other cameras were designed to receive sync
directly from the Camera Sequencer.
b. VIDICON
The one-inch vidicon proposed for the cameras
was a storage-type tube with ahigh-retentivity
target to permit a slow-scan readout. It incor-
porated a reticle pattern which consisted of a
cross at the center and at each corner. The use
of a reticle provides a stable geometric refer-
ence, which is visible in the video received at
the ground station, and which can be calibrated
for the viewed scene. It also provides an align-
ment reference for adjusting the camera scan
and the focus of the cameralens, and furnishes
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a reference for measuring scan linearity and
stability.
Filament power for the vidicon was 100 milli-
amperes at 6.3 volts. Satisfactory operation
was obtainable with faceplate temperatures
from 0 to 50 ° C; however, the optimum tem-
perature range was from 20 to 35 ° C.
The minimum level of luminance capable of de-
tection by a vidtcon is a function of preampli-
fier noise level. Using the noise level of the
TIROS preamplifier as a conservative standard
of comparison, the minimum luminance level
detectable by the one-inch vidicon was 0.001
foot-candle-second. The highest luminance
level detectable by a vidicon is a function of
the saturation level of the tube. This levelwas
not less than 0.1 foot-candle-second for the
proposed vidicon.
Figure 3 is a graph of the vidicon transfer
characteristic with the f/1.8 lens and a one-
millisecond exposure time. An interpretation of
the graph shows that the vidiconswere capable
of providing an adequate signal output at the
lowest brightness levels anticipated and had
sufficient dynamic range to accommodate the
brightest expected highlights. The exposure
levels shown in Figure 3 were based on the
range of lunar brightness predicted for the
sample standard trajectories of Ranger IV
and V.
c. CAMERA OPTICS
The lens proposed for the cameras was an f/1.8
dioptric lens with a 76-mm focal length. This
focal length was sufficient to yield the desired
resolutions at the anticipated viewing
distances.
Lenses of this type were available as stock
items; however, the lens cells and mounts re-
quired modification for operation in a thermal-
vacuum environment. A complete evaluation of
standard lens designs was proposed to deter-
mine the necessary modifications. The selec-
tion of exposure time was governed by vidicon
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Figure 3. Vidicon Transfer Characteristic
sensitivity, relative aperture of the lens, antic-
ipated lunar brightness, and the smear com-
ponent due to the angle existing between the
camera axis and the spacecraft velocity vector.
Using the criterion that good image quality is
preserved if the smear component is contained
in less than one TV line of resolution, a one-
millisecond exposure was selected. This was
the optimum exposure to exclude smear deg-
radation and to achieve the required resolution
in an area extending out one degree from the
velocity vector in the final frame.
A combined camera-and-lens optical perform-
ance analysis was proposed. The use of a
calibrated optical collimator was planned for
the analysis. The optical collimator consisted
of a light source, a compound collimation lens
assembly, and a series of test reticles. The
reticles were to be used to check and set the
critical focus of the lens, to measure the im-
age re solutioninincremental spatial frequency
steps from x/_ to 40 lines per mm at various il-
lumination levels, and to measure the transmis-
sion through ten steps of gray in equal density
increments which cover a brightness range of
100 to 1.
d. SHUTTER AND SHUTTER-DRIVE CIRCUITS
The shutter and the shutter drive circuits for
the proposed camera design were identical to
those which performed successfully in the
TIROS satellites. The shutter, a focal-plane
type, consisted of a solenoid-operated blade
containing a narrow slit. The vidicon was ex-
posed as the slit was moved across the focal
plane. A very high effective shutter speed was
obtained with this design, since only a small
portion of the vidicon was exposed at any
instant of shutter blade travel. Effective shut-
ter speed is an inverse function of slit width.
By narrowing the slit, the effective shutter
speed is increased and the exposure tim_ is
decreased. The proposed design specified an
exposure time of one millisecond.
The shutter-drive circuit utilized a four-
transistor bridge with the shutter-drive coil
connected across the center. Two of these
transistors were to be controlled to drive the
shutter in one direction; the other two were to
drive the shutter in the opposite direction. The
switching modes required to turn on each pair
of transistors alternately were to be furnished
by a bistable memory circuit consisting of two
transistors. Six additional transistors were to
provide sufficient current gain to drive each
bridge transistor to saturation. The time inter-
val for the shutter pulse was determined by
the R-C time constant in the transistor coupling
network. The shutter control circuit was to
draw power directly from the primary battery
supply. The total energy required for one shut-
ter operation was to be 5 watt-seconds.
e. DARK-CURRENT COMPENSATION CIRCUIT
This circuit was designed to improve the ratio
of pedestal signal to total video signal. At high
temperatures, the dark-current pedestal of the
video signal may be large compared to the total
signal amplitude. If the entire signal were
transmitted, itwould have hadto be reduced in
amplitude to stay within the dynamic range of
the system. A reduction in amplitude would have
reduced the signal-to-noise ratio; the dark-
current compensation circuit was to have over-
come this problem_ In operation, a DC reference
signal corresponding to the black level (no
light) was to be obtained by sampling a masked
portion of the vidieon. A clamp circuit was to
clip the dark current and clamp the video sig-
nal to the reference level at the beginning of
each horizontal line.
The dark-level clipping techniques and vidicon
mask had been standardized at the time of the
proposed design. The circuit had been used on
the cameras for Rangers III, IV and V. The
scanned width of the mask could have been as
small as 2 percent of the format, but a width on
the order of 5 percentwas proposedto provide
an adequate mask, even if a change were to oc-
cur in both horizontal size and centering.
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Another reason for the proposed increase in
mask width was the slight shading which ap-
peared at the edges of all vidicon pictures. The
degree of shading varies from vidicon to vidicon
and is a function of the operating voltages of the
particular tube. In general, the shading amounts
to several percent of picture width. It is desir-
able, therefore, to extendthe mask into the un-
shaded portion of the scan.
f. VIDICON CATHODE CURRENT (G1) REGULATOR
This feedback circuit was designed to keep
vidicon beam current at the optimum value to
produce high-quality pictures. In operation,
the circuit was to sample accelerator elec-
trode current and amplify it in a three-
transistor differential amplifier, which was
to receive an input from a single-stage cur-
rent generator. The amplifier output was to
drive a transistor which was in series with
the voltage supply for the control grid. Thus,
the beam current was to be regulated by
varying the control-grid voltage. The design
included a potentiometer in the differential
amplifier to set the optimum value of beam
current.
g. FAST-ERASE CIRCUITS
A fast-erase circuit was incorporated in the
camera design to provide quick removal of
the residual image remaining on the photo-
conductive target of the vidicon after readout.
The fast-erase circuit had been developed by
RCA on earlier programs and was designed to
reduce image erase time greatly in vidicon
cameras. In this technique, a flash of light
from erase lamps discharges the photocon-
ductor and destroys the residual image left
from the previous exposure. Several changes
are then made in the voltages applied to the
vidieon. The control grid is made less neg-
ative to increase beam current for a quick
recharge of the photoconductor. The verti-
cal sweep rate is increased to a frequency
greater than the product of one-half the hor-
izontal rate times the number of TV lines.
In this sweep mode, a uniform charge is de-
posited rapidly, since the target area is com-
pletely scanned at the horizontal rate. The
fast-erase operation is started by the Camera
Sequencer, and its duration is controlled by a
one-shot multivibrator. The switching of the
vidicon control grid is combined with hori-
zontal blanking in a two-transistor logic cir-
cuit. An oscillator is required to produce the
extra fast vertical sweep. The vertical sweep
switehover is accomplished by a two-transis-
tor circuit.
The fast-erase method was designed to erase
the F-Camera vidicons in 600 milliseconds.
This technique was not required for the P
Cameras, since the elapsed time between ex-
posures of the same camera exceeded 25
frames.
h. FOCUS-CURRENT REGULATOR
The proposed camera was designed to ac-
complish vidieon electron beam focusing by
the use of an electrostatic field and a coaxial
magnetic field. In this method, the magnetic
focus field is generated by an electromagnetic
coil mounted in the yoke. In order to main-
tain beam focus with variations in tempera-
ture and supply voltage, the focus coil current
is series-regulated by a medium-power
transistor which is controlled by a sym-
metrical differential amplifier. A precision
sampling resistor in series with the focus
coil yields a sample voltage proportional to
the focus current. The sample voltage is
compared with a reference voltage from a
temperature-compensated zener diode. The
resulting error voltage controls the series
transistor, which, in turn, maintains the
p r e s e t focus-current closely throughout
changes in temperature and supply voltage.
The circuit also includes compensation for
focus-current drift during the first few sec-
onds after power is applied to the circuit.
The focus-current regulator was designed to
limit variations in vidlcon-beam focus in or-
der to maintain the maximum resolution
capability of the camera.
i. HIGH-VOLTAGE DC-TO-DC CONVERTER
This converter design was adapted from the
Nimbus camera design. The proposed design
included a three-transistor series regulator
and a two-transistor chopper. In operation,
a -27.5-volt DC input is applied to the chopper
via the series regulator. The chopper output
is stepped up by a square-loop core trans-
former which has three secondary windings.
Each winding feeds a full-wave bridge recti-
fier and LC filter. The rectifiers provide DC
outputs of 1000, 300 and-150 volts, re-
spectively, for the cameras. Regulation is
obtained by feeding back a sample of the 1000-
volt output to the series regulator.
j. LOW-VOLTAGE DC-TO-DC CONVERTER
The proposed design for the low-voltage con-
verier included a two-transistor chopper and a
square-loop core transformer. The converter
functions as follows.
A -27-volt DC input is applied to the chopper.
The chopper output is stepped up by the square-
loop core transformer, which has five secon-
dary windings. Each winding feeds a full-wave
bridge rectifier. Four of the bridge rectifiers
are used in conjunction with series regulators
to supply DC outputs of 10, 40, -10 and-40
volts. The remaining bridge rectifier supplies
6.3 volts DC through an LC filter.
k. PREAMPLIFIER AND VIDEO AMPLIFIER
Two methods of video amplification had been
successfully used by RCA in earlier camera
designs. A study was planned to determine
which type of amplifier was best suited forthe
TV Subsystem, in terms of linearity, signal-
to-noise ratio, power and weight. The two
amplifiers are described in the following
paragraphs.
(1) TIROS-Type Amplifier
The amplifier proved to be very stable in
TIROS operation and was considered adaptable
to the 385-kc video bandwidth of the proposed
TV Subsystem. It is a conventional type ampli-
fier with a fiat frequency response from 1 cps
to 5 kc. The response rises at a 4-to-1 ratio
from 5 to 50 kc to compensate for the stray
capacitance of the vidicon. At 60 kc the re-
sponse is down about 10 percent. Except for the
preamplifier, the amplifier is completelytran-
sistorized, and incorporates negative feedback
and DC stabilization. The TIROS version of the
amplifier used a subminiature vacuum tube in
the preamplifier; however, it was intended to
replace this tube with a nuvistor that was
originally designed for use with the Nimbus
vidicon camera. The nuvistor provides a
superior signal-to-noise ratio.
(2) Tuned Bandpass Amplifier
This type of amplifier was used in the Ran-
ger III, IV and V camera. In operation, a high-
frequency carrier (on the order of 1 Mc),
applied to the control grid of the vidicon,
causes the beam current to vary at the carrier
frequency. The beam current is, in turn, mod-
ulated by the video information stored on the
vidicon target. The resultant output acrossthe
target load is the amplitude-modulated carrier.
The carrier and the lower sideband are amp-
lified by a bandpass amplifier and demodulated
by a phase detector. A standard clamping cir-
cuit provides DC restoration.
The tuned bandpass amplifier has severaldef-
inite advantages over the conventional video
amplifier. First, the preamplifier can be de-
signed for use with a transistor to eliminate the
40-milliampere current drain required for the
filament of a nuvistor or subminiature tube. A
transistor can be used in this case because the
passband of the amplified carrier is limited at
low frequencies where most transistor noise
is generated. (Transistor noise varies approx-
imately as 1/f.)
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Another advantage of the tuned bandpass amp-
lifter is the higher gain possible with fewer
transistors by the use of stagger-tuned inter-
stage coupling networks. Also, video peaking
circuits are not required in the amplifier since
no high-frequency video loss is sustained at the
output of the vidicon. The vidicon-output lead
can be shielded since the parasitic capacitance
of the shield can be made part of the tuned cir-
cuit of the preamplifier input stage. This
shielding greatly reduces interference prob-
lems in the system. Shielding of the input lead
is impossible in a conventional preamplifier
because of intolerable high-frequency loss.
I. PERFORMANCE SUMMARY
The proposed camera performance data are
summarized in Table i. The video bandwidths
were computed from the relationship:
v2
B=
2 (T F - r v - N R r H _/2
where:
B is the video bandwidth;
N R is the number of real resolution lines;
TF is the total frame time;
T H is the horizontal blanking time; and
T v is the vertical sync pulse duration.
In the above expression, the total frame time
(T_) is defined as the elapsed time from the
leading edge of the vertical sync pulse at the
start of the frame to the leading edge of the
vertical sync pulse at the start of the suc-
ceeding frame.
The number of horizontal scanning line s needed
to produce the required number of real resolu-
tion lines was calculated from the relationship:
N H = %/2 N R
TABLE 1
PERFORMANCE SUMMARY FOR PROPOSED CAMERA GROUP
Camera Designation Fo, Fb P1 P2, P3, P4
Frame time
Vertical sync
Horizontal rate
Horizontal blanking
Horizontal scanning
lines
Real Resolution lines
Format
Video bandwidth
1.2 sec
10 millisec
1.11 millisec
O. 111 millisec
1130 lines
800 lines
0.44 x 0.44 inch
385 kc
100millisec
10millisec
333.4psec
55.5 p sec
263 lines
186 lines
0.118 x 0. 118 inch
357 kc
100millisec
3.3millisec
333.4p sec
55.5p sec
283 lines
200 lines
0. 118 x 0. 118 inch
357 kc
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where:
NH
g R
is the number of horizontal scanning
lines; and
is the number of real resolution lines.
4. Control Programmer and Camera Sequencer
cps. In order to conserve power over this
wide range of frequencies, two different types
of circuit were employed in the design of the
counting chain. These counting elements
were a transistorized one-shot circuit and a
conventional binary circuit.
d. LOGIC CIRCUIT DESIGN CONSIDERATIONS
a. GENERAL
The Control Programmer and Camera Se-
quencer was developed to include all the
circuits needed to synchronize and program
the cameras. These circuits were designed
to generate the sync and tone-code signals
associated with camera operation, and to
control the application of the composite video
signal to the transmitter modulator.
A block diagram of the proposed Camera Se-
quencer is shown in Figure 4. The design
included an 18-kc crystal-controlledoscillator
to serve as the frequency standard for timing
operations. A crystal-controlled oscillator was
selected to give the high degree of stability and
accuracy essential to the proper functioning of
the Camera Sequencer. In operation, the output
of the crystal oscillator is applied to a fre-
quency divider to supply outputs consisting of
horizontal sync pulses, vertical sync pulses,
and all timing pulses for camera sequencing.
b. CRYSTAL-CONTROLLED OSCILLATOR
The TIROS 18-kc oscillator was specified for
the proposed design. This oscillator had been
space-proven without failures. The oscillator
utilizes a Blilely crystal in a Colpitts con-
figuration. The crystal is operated without an
oven since its short-term stability exceedsthe
accuracy requirements of the application.
c. COUNTDOWN CIRCUITS
The frequency range of the proposed count-
down circuits extended from 18 kc to 0.3125
The proposed Control Programmer and Cam-
era Sequencer logic circuits were designed to
function with components whose characteris-
tics might change with age. All nominal
tolerances on parts were considered and the
effect of the worst-case condition on circuit
operation was computed.
The number of parts in the circuits was held to
a minimum to reduce the bulk andweight of the
circuits, and to improve reliability. Each com-
ponent was derated by at least 10 percent of its
power rating. Only those parts with a past
history of reliability were employed. All
parts were conditioned by a heat soak before
testing.
The typical logic gain was two for binary
counters, one for OR gates, three for AND
gates, up to three for amplifiers, three for
inverters, and three for one-shot muitivi-
brators. In cases where greater logic gain
was required, emitter followers were used.
A schematic diagram of typical logic circuits
proposed for the Control Programmer and
Camera Sequencer is shown in Figure 5.
e. SEQUENCER OPERATION
The Camera Sequencer was designed to gener-
ate four tones, each at a different frequency.
These tones are used in bursts to form the ver-
tical sync pulses; the tone frequency included
in the pulse identifies the position of the color
wheel. The arrangement of the timing pulses
from the Camera Sequencer is shown in
Figure 6.
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Figure 5. Schematic Diagram of Typical Logic Circuits
The planned sequence of camera operations
for a typical mission was as follows:
(1) A 10-millisecond tone burst supplies
vertical sync for the ground station
monitors of the F a Camera and iden-
tifies the position of the colorwheel for
this camera;
(2)
(3)
The F a Camera is read out for 1.19
seconds;
A 10-millisecond tone burst supplies
vertical sync for the ground station
monitors of Cameras Pl, P2, P3,
and P4;
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(4) The Pl Camera is read out for 90
milliseconds;
(5) A 3.3-millisecond pulse signals the
start of the P2 Camera readout;
(6) The P2 Camera is read out for 96.7
milliseconds; and
(7) The two previous steps are repeated
for Cameras P3 and P4.
At 1.955 seconds before impact, the Camera
Sequencer receives a command from the radio
altimeter to recycle the camera sequence at
1.6 seconds before impact. At this command,
the counter chain begins to time the interval of
355 milliseconds (1.955 seconds minus 1.6 sec-
onds}. If the readout for the F a or F b Camera
is in process, it continues for 355 milliseconds
to allow complete erasure of the alternate full-
scan camera. Upon completion of the 355-
millisecond countdown, the erased F Camera
is actuated, initiating the picture-taking se-
quence of Camera F a or Fb, followed by P1,
P2, P3, and P4. The last picture before impact
is from the P4 Camera.
If P-Camera readout is in process upon re-
ceipt of the 1.955-second signal, it continues
until all the P Cameras are readout. However,
the F-Camera (F a or F b) shutter pulse is
inhibited for the remainder of the 355-
millisecond period. At the end of that period,
the sequence of Cameras F a or Fb, followed
by Pl, P2, P3, and P4 is initiated.
5. Color Experiment
a. GENERAL
In addition to high-resolution black-and-white
images of the Moon, it was proposed to apply
the principles of tristimulus colorimetry to
form colored images of the target area. It
was considered possible to incorporate the
required elements into the TV Subsys-
tem without degrading the black-and-white
pictures.
Because of the time schedule involved, it was
proposed to apply proven state-of-the-art
techniques, as developed for RCA color tele-
vision, wherever possible. For example, itwas
felt that the optical filters used with the vidi-
cons in the existing RCA color television
system were adaptable to the proposed TV
Subsystem with only minor modifications.
The theoretical considerations that were the
basis for the proposed color experiment are
discussed in the following paragraphs.
b. DESIGN CONSIDERATIONS
In order to approximate the color sensations of
a direct observation, three sources of primary-
colored light must be controlled by the color
camera. These light sources can be either the
phosphor of a tricolor kinescope, or projectors
whose light is modified by color filters.
The design considerations described are based
on the use of a tricolor kinescope to reproduce
the transmitted image; however, these consid-
erations can be applied to a three-color pro-
jection system.
In order to control the kinescope primary
colors, which are the red, green, and blue
phosphors adopted by the Federal Communica-
tions Commission (FCC) for color television,
the spectral sensitivity of the standard vidicon
must be modified by optical filters to match the
color-mixing curves for the specified pri-
maries. The relative intensities of the three
phosphor colors employed in RCA color-
television kinescopes are shown in Figure 7.
Also shown is a set of projector primaries
formed by passing illuminant C through the
filters specified in the figure. In order to
reproduce the color in the original scene, the
camera output signals must control the amount
of the red (R), blue (B), and green {G)in the
receiver image.
14
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(1) Determination of the Camera Spectral Sensitivities
Required for Color Reproduction
Any single-wavelength color ( Ck ) can be spec-
ified in terms of C.I.E.* data as follows:
C 1 = _'X+_'Y+EZ (1)
$C.I.E. is the Commission Internationale de l'Eclatrage,
which is French for the International Commission on Illumi-
nation(ICI)o C.I.E.data are a set of standards for specifying
color.
where:
×, y, z are the color-mixing curves for the
C.I.E. hypothetical primary colors;
and
×, Y, Z are the C.I.E. hypothetical primary
colors.
The camera output signals should be such that
each single-wavelength color is reproduced by
a combination of the three primary colors in
the kinescope. Therefore Ck is also equal to"
C_ : FR + _G + EB (2)
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where:
r. g. _', are the three spectral sensitivities of
the camera at the wavelengths of the
FCC primaries; and
R, 6, B are the three FCC primaries (red,
green, and blue}.
Expressing the R, G, and B primaries in equa-
tion (2) in terms of the C.I.E. primaries yields:
R = KI (x r X + Yr Y + Zr Z) (3)
G = I( 2 (xgX + ygY + zgZ)
(4)
B = t( 3 (x bX + Yb Y + zbZ) (5)
where:
yr_ Xg, XblYr_ Yg' Yb
Z H Zgl Z b
KI t_2 /_3
are the C.I.E. chromaticity
specifications of the FCC pri-
maries; and
are the correction factors for
adjusting the three kinescope
primaries so that when com-
bined they will produce refer-
ence white.
The required spectral sensitivities of the cam-
era, _-, _, and 6, are determined by first sub-
stituting equations (3), (4) and (5) for R, 6, and
8 in equation (2). Equations (1) and (2) are
equated and the coefficients of X, Y, and 7 on
each side of the resulting equation are then
equated. The simultaneous equations thus
formed are solved for r, g and b, yielding:
7 = K2K3[(ygz b - ZyYb )_ + (zrx b- xgz b) y"
+ (xgYb - Yg% ) _ ] (6)
g-= /(1 /(3 [(z,Yb - Y,Zb ) _ + (x,zb - z_xb ) _"
+ (Y, xb-- XrYb) r ] (7)
_= I(1t( 2 [(yrZg-ZrYg ) _" + (ZrXg- XrZg) Y"
+(XrY. g--YrXgJZ ] (8)
The relative spectral sensitivities required
are plotted in Figure 8. The negative lobes are
omitted in a practical system; therefore, par-
tial compensation is achieved by changing the
positive lobes as shown by the dotted lines in
the graph. The spectral response of a standard
vidicon is shown in Figure 9. To match this
curve to those shown in Figure 8, three filter
systems are required. The transmissions of
these filters are calculated from the follow-
ing equation and are shown by the curves in
Figure 10.
R_, (9)
T;_ = S_
where:
R k is the required response (Figure 8);
S k is the vidicon response (Figure 9); and
T£ is the required filter transmission
(Figure 10).
(2) Determination of the Mixing Coefficients for the R,
G,and B Primaries
In order to obtain an accurate reproduction of
the colors of the original scene, the R, G, and S
primaries in the kinescope must be mixed in
the proper proportion. The amounts of each
primary are controlled by the signals from the
vidicon when the scene is viewed sequentially
through the three filters. In practice, the cor-
rection factors K1, K2, and g 3 are adjusted at
the receiver so that the color of the illuminant
is correctly reproduced for equal signals from
the vidicon-filter system. Assuming that the
illuminant is specified by the available data for
solar energy outside the Earth's atmosphere,
it can be specified in terms of chromaticity
coordinates as:
S° = 0.317X + 0.329Y + 0.352Z (10)
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Figure 8. Tricolor Camera Spectral Sensitivity Curves
So can also be specified in terms of the kine-
scope primaries R, G, and B, as:
equations thus formed are solved for K 1 , K 2,
and K 3, yielding:
So = (R + G + B) (11) K I = (0.317) (ygz b - zgy b) + (0.329) (zgx b - xgz b)
+ (0.352) (xgy b - ygx b) (12)
The correction factors, KT, K2, and K s for the
kinescope primaries are determined by first
substituting the expressions in equations (3),
(4) and (5) for R, G, and B in equation (11).
Equation (11) is then equated with equation (10),
and the coefficients of X, Y, and Z in the result-
ing equation are then equated. The simultaneous
K2 = (0.317) (zy b - YrZb ) + (0.329) (XrZ b -- ZrX b)
+ (0.352) (YrXb -- XrYb) (13)
K s =(0.317) (yrzg - zryg) + (0.329) (ZrXg -- XrZg)
+ (0.352) (xryg - y x 9) (14)
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The values of K T, K2, and K 3 obtained from
these equations are 94, 87, and 134, respec-
tively. When the kinescope primaries are mixed
in these proportions, equal signals from each
vidicon-filter arrangement control the pri-
maries to produce the correct color of the
illuminant.
In order to determine whether the camera
signals will be equal for the illuminant in
question, the responses (R) of the vidicon-
filter arrangements are calculated by means
of the following equation:
c_
R .= / PX T_ S_.dk
o
(15)
whe re:
P_t
T h
S x
is the spectral distribution of the light
source;
is the transmission characteristic of
the filter; and
is the vidicon response.
Calculating the responses (R) for the vidicon-
filter arrangement with ideal filters gives
values of 1.1, 0.79, and 0.42 for the signals
from the blue, green, and red systems, re-
spectively. These values must be equalized
by optical or electrical attenuation of the blue
and green signals. The proposed system is
designed to accomplish this attenuation by
using filters with the required transmission
18
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Figure 10. Transmission Characteristics of Camera Filters
characteristics. This method is preferred
since it does not require changes to the elec-
trical parameters of the system as the filter
for each color is interposed between the cam-
era lens and the illuminant.
In the proposed design, the same vidicon is
used to obtain the black-and-white and the
color image. In order to produce a black-
and-white image in which the relative lumi-
nances of the various colors are reproduced
as appropriate shades of gray, the vidicon
response must match the luminosity function
of the eye. This black-and-white response
must be in the range of vidicon responses for
the color images, since identical electrical
parameters are used for both types of image.
The response (R) of the vidicon in combina-
tion with a neutral density optical filter is
calculated by means of the following equation:
c_
R::0.55 j P_ T d,_ (16)
where:
Pk is the spectral distribution of the light
source;
is the luminosity function of the eye; and
0.55 is the transmission characteristic of the
neutral density optical filter.
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The valueof R is foundto be1.09,whichis in
the rangeof vidicon responsesobtainedwith
thecolor filters.
The precedingdiscussion indicatesthat the
color experimentwasfeasibleat thetime the
proposeddesignwassubmitted.
B. INITIAL CONFIGURATION OF CAMERA
GROUP
1. Design Philosophy
During design of the initial configuration of
the Camera Group, a number of changes in
mission concepts and requirements were re-
sponsible for redirecting the design effort
away from the proposed configuration.
One major change in requirements was in the
RF bandwidth allocation. The proposed Cam-
era Group was based on the availability of a
single transmitting channel with an RF band-
width of 2 Mc and a video baseband of 375 kc.
The new allocation provided two transmitting
channels, each with an RF bandwidth of ap-
proximately 900 kc and an available video
baseband of 200 kc.
The use of the narrower bandwidth required a
reduction in the scanning rate (increase in
frame-readout time} to achieve the desired
picture resolution. The increase in frame-
readout time increased the erase time avail-
able between successive readouts of each
P Camera, and made possible continuous se-
quential operation of these cameras. For
example, in the operating sequence Pl, P2,
P3, and P4, Camera Pl would be erased and
ready for the next exposure by the time Cam-
era P4 was read out.
Continuous sequential operation of the P-
Cameras eliminated the need for the radio
altimeter, since rephasing of the cameras
was no longer necessary to obtain the final
set of P-Camera pictures. This method of
operation ensured that the last P-Camera
picture would occur one frame time away
from impact (with a tolerance of half of a
frame time}.
In order to fully utilize the two RF channels
available, and to permit the adoption of con-
tinuous sequential operation of the P-Cam-
eras, it was decided to read out and transmit
F-Camera and P-Camera pictures simulta-
neously: F-Camera pictures on one channel,
P-Camera pictures over the other.
A further refinement was the inclusion of a
camera switchover capability. In this mode,
the F Camera would be turned off at 2 min-
utes before impact and the output from the P
Cameras would be transmitted simultaneously
over the F-Channel and the P-Channel until
impact. This method of operation increased
the probability of obtaining the high-resolu-
tion P-Camera pictures, which were of pri-
mary importance in meeting the mission
objective s.
The proposed plan included two color wheels,
one for each of the F Cameras. One color
wheel was eliminated early in the develop-
ment phase because of space constraints.
Reduced vidicon response in the blue region
necessitated attenuation of the red and green
to achieve the uniform response required for
a suitable color image. A planned alteration
of the spacecraft trajectory for an impact
closer to the lunar terminator resulted in a
reduction in anticipated scene luminance that
was not compatible with the low blue-sensi-
tivity of the vidicon. Consequently, it was not
feasible to continue with the color experiment
within the program schedule constraints, and
the second color wheel was removed.
2. Description
A functional block diagram of the initial con-
figuration of the Camera Group is shown in
Figure 11. The planned operating sequence
is as follows.
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During the mission, power is applied to the
Camera Group 15 minutes before the space-
craft is due to impact the lunar surface.
After 5 minutes of warm-up, a signal from
the Camera Sequencer turns on the plate volt-
age for the power amplifiers of Transmitters
No. 1 and 2. At the same time, operation of
the cameras commences, controlled by sig-
nals from the Control Programmer and Cam-
era Sequencer via the Camera Electronics.
The amplified video output from each Camera
Electronics Assembly is fed to the Video
Combiner to be coded with identifying tones.
The tones indicate the F Camera that pro-
duced the video. The appropriate tones
are selected by signals from the Camera
Sequencer.
The coded F-Camera video from the Video
Combiner is fed to the modulator of Trans-
mitter No. 1; the P-Camera video is fed to
the modulator of Transmitter No. 2. This
mode of operation continues for 8 minutes.
At that time (2 minutes before end of mis-
sion}, a camera switchover signal from the
Camera Sequencer removes the F-Camera
video from the Video Combiner output and
applies the P-Camera video to the modulator
of Transmitter No. 1. The P-Camera video
is then transmitted redundantly over both
transmitters until lunar impact.
The two F Cameras take pictures alternately.
While the F a Camera is being scanned, the
F b Camera is erased. The four P Cameras
are scanned sequentially. While one is being
scanned, each of the remaining three is in a
different portion of its erase cycle.
The Camera Electronics for the P1 Camera
contains a free-running sync generator. In
the event of syne failure in the Camera Se-
quencer, the free-running unit continues to
furnish horizontal and vertical sync for the
Pl Camera. During normal operation, the
free-running sync generator is kept in step
by sync pulses from the Camera Sequencer.
3. Detailed Performance Goals
The attainment of the overall mission goals
required certain performance criteria to be
established for the Camera Group. The val-
ues of these parameters are listed in Tables
2 through 6.
4. Design
The design approach for the Camera Group
components was essentially the same as pro-
posed. During the design phase, however,
certain alterations and refinements were
made to the proposed design in those areas
which had not been fully investigated. These
design changes and refinements are de-
scribed in the following paragraphs.
a. CONTROL PROGRAMMER AND CAMERA
SEQUENCER
A programmer was added between the Camera
Sequencer output and the deflection circuits for
the vidicon. The inclusion of a programmer
permitted the use of the same deflection-
circuit design in both the F Cameras and the
P Cameras. The deflection circuits are con-
trolled by the programmer which keys on the
proper portion of the deflection waveform to
provide the partial scan for the P Cameras.
The programmer also permitted simplifica-
tion of the erase circuit, and allowed the use
of overscanning during the "erase" and
"prepare" portions of the camera operation
cycle. In overscanning, an area greater than
the scanned image area is charged. This
technique minimizes the usual problem of
shading that occurs at the edge of a vidicon
picture.
b. SHUTTERS
The exposure time for the F Cameras was
increased to 5 milliseconds. The exposure
22
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TABLE 2
F-CAMERA PERFORMANCE GOALS
Parameter
Exposure time
Residual image
Signal-to-noise
ratio (p-p/rms)
Resolution (high
contrast)
Size and centering
drift 0 to 45 ° C
Power
Wei_t
Values
Ideal
5 milliseconds
5%
39 db/0.1 foot-
candle-second
800 TV lines
-_2%
20 watts
15 lbs
Acceptable
15%
27 db/O. 1
foot-candle-
second
Limiting 650
TV lines
4-4%
time for the Ranger VI P Cameras was in-
creased to 4 milliseconds because of the
decision to impact the spacecraft closer to
the lunar terminator. The additional ex-
posure time was required to increase the
signal-to-noise ratio of the Camera Group
to an acceptable level for the lower scene-
luminances which were expected. The graph
in Figure 12 illustrates the effect of exposure
time on signal-to-noise ratio at reduced
scene luminance.
The camera shutters used in the TV Sub-
system were a moving-slit focal-plane type.
This type of shutter features high efficiency
and inherent simplicity. The shutter consists
essentially of an aperture plate of thin alumi-
num which is directly coupled to an electro-
mechanical actuator. A functional diagram of
the shutter is shown in Figure 13. The plane
of motion of the aperture plate is parallel to
the face of the vidicon and is situated as close
as possible to the focal plane of the camera
lens. When the electromechanical actuator is
energized, the slit portion of the aperture
plate passes across the face of the vidicon
and exposes the vidicon target. When the ac-
tuator is energized a second time, the motion
of the aperture plate is reversed and the vidi-
con is exposed again.
The direct coupling of the aperture plate to
the actuator results in a shutter that is far
simpler and much more reliable than either
the curtain type of focal plane shutter or the
iris-type between-the-lens shutter. Effec-
tively, there is one moving part, since the
moving element of the actuator and the aper-
ture are coupled together and move as one
piece. This design eliminates the need for
pivots, bearings for rotating parts, cocking
devices, rewind mechanisms, gearing, com-
plex linkages, and motor drives.
23
TABLE 3
P-CAMERA PERFORMANCE GOALS
Parameter
Exposure time
Residual image
Signal-to-noise
ratio (p-p/p-p)
Resolution (high
contrast)
Size and centering
drift 0 to 50 ° C
Power
Weight
Values
Ideal Acceptable
2 milliseconds1 millisecond
5%
14 db/0.1 foot-
candle-second
200 TV lines
±2%
20 watts
15 lbs
_5%
11 db/O. 1
foot-candle-
second
Limiting 200
TV lines
±3%
The electromechanical actuator for the shut-
ter is a moving-coil type of permanent mag-
net solenoid. The actuator is designed to
have uniform velocity over the picture-taking
p.ortion of the stroke. The moving coil is a
rigid thin-walled cylinder, which slides freely
over a permanent-magnet core. The core is
assembled concentrically inside a hollow cyl-
inder of soft iron, which provides a flux re-
turn path. The inside diameter of this outer
cylinder is reduced at the forward end to
form a radial high-flux air gap in which the
coil moves. This construction is shown in
Figure 14.
The coil is sufficiently long to allow for a
stroke length which includes a period of ac-
celeration prior to exposure of the vidieon
and a period of constant velocity where ex-
posure takes place. The maintenance of con-
stant velocity over the midportion of the
shutter stroke is essential to ensure that all
points on the image format are equally ex-
posed. This feature was incorporated by uti-
lizing two techniques.
TABLE 4
CAMERA SEQUENCER PERFORMANCE GOALS
Parameter
Temperature Range
Power
Weight
Size (inches)
Value
0to55 ° C
20 watts
10 lbs
6x6x13
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TABLE 5
SEQUENCER POWER SUPPLY
PERFORMANCE GOALS
Parameter Value
Power
Weight
Size (inches)
58 watts
5 lbs
2x6x12
TABLE 6
VIDEO COMBINER PERFORMANCE GOALS
Para meter Value
Power
Weight
Size (inches)
2 watts
2 lbs
6x12x12
3o
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Figure 12. Camera Signal-to-Noise Ratio vs Scene
Luminance (t= 1 msec, 2 msec)
The first was the manner in which the coils
were wound. The midportion of the coil is a
spaced single-layer winding. A multilayered
close-wound section is at each end of the
coil. The accelerating force, which is pro-
portional to the number of turns in the air
gap at a given instant, is considerably re-
duced over the midstroke range, and the
velocity of the coil tends to become uniform.
The construction of the coil is shown in
Figure 15.
The second technique utilized to achieve uni-
form velocity was eddy-current damping over
the midstroke range. Since the midportion of
the coil was wound in one layer, the available
space in the wall thickness was utilized to ac-
commodate a conductive damping ring. This
ring produces a retarding force as the mid-
section of the coil passes through the high-
flux air gap. This force acts against the
diminishing accelerating force to stabilize the
velocity.
The form for the moving coil is made of an
epoxy resin, reinforced with glass cloth. All
the magnetic parts, with the exception of the
permanent-magnet core, are made of a soft
iron alloy. A magnetic shield, which forms
the outer cover of the solenoid assembly, at-
tenuates the magnetic flux leakage to a very
low level. The construction of the solenoid
assembly is shown in Figure 16.
Two contact strips of thin beryllium-copper
provide the electrical connection to the mov-
ing coil from fixed terminals on the solenoid
housing. These contact strips are flexible to
allow movement of the coil when it is ener-
gized. The flexible contact strips were used
instead of brushes because they offer less re-
sistance to coil motion. Also, what resistance
they do offer is more uniform from one unit
to another, and more uniform throughout the
life of any one unit.
The bearing surfaces of the shutter are lim-
ited to the two low-friction plastic guides for
the aperture plate, and the inside diameter of
the moving coil which rides on the magnetic
core. Detents are located at the end of both
the forward and the reverse stroke to elimi-
nate the possibility of either random or dou-
ble exposure.
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Figure 13. Camera Shutter, Functional Diagram
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Figure 14. Shutter Solenoid, Design Utilized to Obtain High-Flux Air Gap
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Figure 15. Cutaway View of ShutterSolenoid Showing Construction of Moving Coil
c. SHUTTER DRIVE
The same shutter-drive circuit design was
used for the F Cameras and the P Cameras,
because of the similarity in the shutter de-
signs. Power for the shutter drive was to be
supplied by the TV Subsystem batteries. The
battery voltage varied from 30 to 38 volts.
The shutter speed varied as the square root
of the ratio of the voltage, or in this case, a
change of approximately 12.5 percent. This
variation in shutter speed was well within the
design goal of _20 percent.
d. VERTICAL AND HORIZONTAL DEFLECTIONCIRCUITS
The design approach for the deflection ampli-
fiers was the use of a clamped integrator with
switching functions. The clamped reference
is required to obtain register with the dark-
current sampling area of the vidicon target,
and to permit the inclusion of a deflection-
function centering control that can be easily
programmed.
The basic functional diagram of the deflection
amplifier is shown in Figure 17. There are
two general modes of circuit operation: am-
plification and integration. The circuit func-
tions as an amplifier when one of the reset
switches is closed, and current in the deflec-
tion coil reaches a steady-state value. This
value is adjusted by the centering control.
When neither reset function is present, the
circuit functions as an integrator and a time-
proportional current is developed in the de-
flection coil. Linearity of this current was
obtained by selecting values of R and C to
provide a time constant which is approxi-
mately 75 times greater than the sweep
period.
The deflection amplifier circuits were de-
signed initially around two available yokes.
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Figure 16. Cutaway View of Shutter Solenoid Assembly
Upon receipt of a larger number of yokes, it
was learned that variations in self-resonant
frequency from yoke to yoke were sufficient
to upset the stability of the amplifier, since
the yoke is inside the feedback loop. The
amplifier design was modified to improve
yoke damping, which reduced retrace ringing
virtually to zero.
e. FOCUS-CURRENT REGULATOR
A design goal for current regulation of _-0.25
percent was established to meet image reso-
lution requirements.
f. FREE-RUNNING SYNC GENERATOR
The free-running capability was transferred
from the F a Camera to the Pl Camera. This
change was based on overall modifications to
the TV Subsystem. The proposed TV Sub-
system was planned for single-channel opera-
tion and sequential readout of the cameras;
i.e., Fa, Fb, P1, P2, P3, and P4. The com-
plete operating cycle consisted of one frame
from each camera, plus blanking. The two
F Cameras occupied the major portion of the
operating cycle, resulting in a relatively long
time between successive readouts of a spe-
cific 1_ Camera. The proposed design, there-
fore, allowed a long "erase-prepare" time
for the P Cameras, while the F Cameras in-
corporated a "fast-erase" feature.
The decision to equip an F Camera with the
free-running sync generator was based on the
fact that this camera provided a longer duty
cycle (useful video output compared with the
,,erase-prepare '9 period} than that of the P
Camera.
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Figure 17. Deflection Amplifier, Basic Functional Schematic
Following contract award, new mission con-
straints necessitated the use of dual-channel
transmission, with the two F Cameras time-
sharing one RF link and the four P Cameras
time-sharing another. In order to obtain the
continuous sequential operation of the P
Camera required by this method, techniques
were utilized to reduce the "prepare" period
of these cameras. Thus, the duty cycle of the
P Cameras became comparable to that of the
F Cameras. The increase in the duty cycle
of the P Cameras, coupled with the fact that
they would provide data of higher resolution
than that of the F Cameras, prompted the de-
cision to transfer the free-run capability to a
P Camera.
The free-running sync generator was de-
signed to provide emergency back-up opera-
tion. If clock pulses are absent, this circuit
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provides synchronizationto the Pl Camera,
whichcontinuesto supplypicture information.
The sync-generatorcircuit is essentially a
rate generatorwhich locksto thesyncpulses
whenthey are present. It consistsof a ver-
tical rate generator followed by a chain of
one-shotmultivibrators anda horizontalrate
generator. The frequency-controllingtime-
constantof the horizontal rate generatoris
changedby a ratio of two-to-oneduring the
eraseperiod.
g. POWER SUPPLIESAND REGULATORS
The DC-to-DC converters and regulators
were patterned after designs used in the
Nimbus cameras.
h. VIDEO CIRCUITS
The video circuits include the preamplifier,
video amplifier and DC restoring clamp. The
preamplifier design was a conventional cath-
ode-follower which utilized a nuvistor vacu-
um-tube. The design of a tuned bandpass
preamplifier, similar to the one utilized in
Rangers III through V, was not pursued after
preliminary investigation revealed a major
shortcoming. The carrier frequency required
for this preamplifier in Rangers VI through
IX would have been too high for efficient
switching of the vidicon, due to the higher
video baseband compared with Rangers III
through V.
The preamplifier design that was adopted was
identical for the F Cameras and the P Cam-
eras. The video amplifier design was also
identical for both camera types. The clamp
circuits were similar in design, and differed
only in component values and timing param-
eters. The video baseband was 200 kc. The
amplifier frequency response was virtually
fiat from 200 cps to 200 kc, and was less than
3 db down at 10 cps and 300 kc. The equiva-
lent noise-current input was approximately
0.1 millimicroampere.
i. VIDICON CATHODE CURRENT (G1) REGULATOR
Stabilization of vidicon cathode current was
planned to ensure high-resolution readout
throughout periods of vidicon cathode emis-
sion variations. The design approach was to
sample the beam current flowing to the G2
electrode, compare this sample with a refer-
ence potential, and adjust for variations in
beam current by varying the potential on the
control grid (G1). The division of current be-
tween G2, G3, G4 and Target is sufficiently
stable to make the G2-sampling regulator a
practical design. A functional diagram of the
regulator is shown in Figure 18.
j. CAMERA SEQUENCER
The Camera Sequencer circuits were de-
signed around two standard logic circuits: a
flip-flop multivibrator and a NOR gate. This
design approach offered the following advan-
tages:
• Permitted the use of logical design
technique s;
• Provided high immunity to noise;
• Required minimum circuit-design ef-
fort;
• Provided high reliability in a large, in-
tegrated system; and
• Permitted simplification of the Camera
Sequencer.
Circuit diagrams of the basic flip-flop multi-
vibrator and the gate circuit are shown in
Figures 19 and 20, respectively. Factors that
governed design of the circuits are:
• Optimum drive capability (fan out);
• Environmental conditions; and
• Effects of age on components.
Preliminary work indicated that careful se-
lection of the drive capability was necessary
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Figure 18. Vidicon Cathode Current (G1) Regulator, Functional Diagram
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Figure 19. Basic Flip-Flop Multivibrator, Schematic
Diagram
to minimize the number of circuit compo-
nents. The circuits shown in Figures 19 and
20 have a fan-out of 6 and 4, respectively,
+12 V
IN916
: :c
: ;C
3,83 K
3.83K _
-12V
2N916
Figure 20. Basic NOR Gate Circuit, Schematic Diagram
which approaches the optimum drive capabil-
ity. Factors that limit the optimum drive
capability of these circuits are:
• Minimum temperature;
• Component variations;
• Power supply variations; and
• Aging of components.
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Timing and synchronizingsignals for the
cameras are obtained by subdividing the
Electronic Clock referencefrequency. This
division is accomplishedby a series of
counter circuits in boththe F-and P-chains.
The F-division chain is shownin Figure 21;
the P-dlvision chain is shownin Figure 22.
The pulse widthsandtime durationsrequired
by the CameraGroupare decodedby theF-
and P-logic decoders. An exampleof this
methodis the generationof horizontal syn-
chronizingpulses,as shownin Figure 23. A
pulse decodergate is used,whichrecognizes
oneparticular combinationof fllp-flops B, C,
and D. Theoutput recurs cyclically andthe
pulse width is determinedby the numberof
inputs to the gate. This configurationre-
quires no controls, hasno time constantto
consider,andis not susceptibleto background
noise.
The CameraSequencerhadbeendesignedto
control the positioning of the Fa-Camera
filter wheel as shownin Figure 24. Cir-
cuit operation is describedin the following
paragraph.
The first two stages(A andB) of theF-divi-
sion chainfive-minute timer providea count
of four, eachcountcoincidingwith a frameof
the Fa Camera.Eachof the four filter-wheel
positions (red,green,blueandneutral) is as-
signed to one of the four combinationsof A
andB (AA, AB, BA, BB). Ananalogvoltage
representingwheelposition is taken from a
potentiometerarm linkedmechanicallyto the
FROM DUAL A B C
18KC 4.5KC 450 CPS
f 55,6 /_SEC = 222 p.SEC _ 2,22 M SEC i-
F E D
5.12 SEC 40 M':EC 20 MSEC 666 MSEC
Figure 21. F-Division Chain
FROM ISKC .__'12---_,, eKC _ I.SKC _
OUAL> 66'' 1 I ICLOCK 5 5p. SEC II I _ SEC _ v
750 CPS
1.33 MSEC
1.19 CPS 25 CPS 150CPS
- o.,sEco,oLL,j ,o,sEcL.  6,,sEcL£_j
Figure 22. P-Division Chain
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Figure 23. Horizontal Synchronizing Pulse Derivation
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Figure 24. Filter-Wheel Positioning Circuit, Block Diagram
output to the filter-wheel motor. The motor
runs until the output of the analog-to-digital
converter is the same as the new A-and-B
combination.
k. VIDEO COMBINER
Video outputs from all cameras in a set (F or
P) are summed by the video summing-mixing
amplifier (Figure 25) to provide the video
signal to the transmitter modulator. The
video from each camera is applied to the
summing amplifier through an analog gate
(Figure 26). The gates are programmed by
the Camera Sequencer.
The analog gate preserves the DC level of the
video signal and minimizes the amplitude dis-
tortion that would be caused by singie-ended
switches operating near cutoff. _'reserva-
tion of the DC level is essential because any
offset of the DC level introduced between the
camera and the modulator alters the trans-
mitter center frequency. Switching transients
observed with the same type of analog gate
were of the order of 30 to 50 millivolts at the
diode bridge. Analog gates that have greater
dynamic range produced transients of the or-
der of several volts, which could cause over-
modulation, video spikes, false synchronizing
pulses, and other spurious effects. The am-
plitude and frequency of transients measured
in the type of gate planned for the TV Sub-
system were of the order of 1 percent of the
composite video signal (sync-pulse tip to pea_
white amplitude). Transients of this order
can be tolerated without difficulty.
filter-wheel drive. The analog voltage is con-
verted to a 2-bit digital representation for
comparison with the A-and-B bits. During
operation, the A-and-B combination changes
for each sequential frame of the camera,
causing the comparison circuit to produce an
The basic summing amplifier consists of a
medium-gain differential amplifier. It in-
corporates feedback for amplitude linearity
and bandpass control for FM preemphasis.
Open-loop gain measurements indicated ade-
quate gain stability over the temperature
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Figure 26, Analog Gate, Schematic Diagram
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range; measurement of closed-loop gain
showed no change from 10 to 65 ° C. The pre-
emphasis characteristic of the amplifier is
shown in Figure 27.
6 24
i i i i
50 I00 200 500
FREQUENCY (KC)
Figure 27. Summing Amplifier Preemphasis
Characteristic
I. CAMERA MECHANICAL DESIGN
The design objective was to provide a high-
quality, small, rugged, lightweight, television
camera. The camera was divided into two
basic packages- the Camera Head Assembly
and the Camera Electronics Assembly.
A major mechanical design goal was to pro-
duce a camera with a natural frequency of
500 cps or greater. The design techniques
utilized to achieve this goal were the use
of circular cross-sections where possible,
close-fitting shouldered diameters for mating
parts, large mounting surfaces with center-
of-gravity mounting, and bonding of circuit
boards to supports to increase cross-sec-
tional thicknesses.
The design utilized modular electronic frames
and back-to-back mounting of the circuit
boards to provide accessibility, ease of man-
ufacture, and a high strength-to-weight ratio.
Light weight was achieved by the use of mag-
nesium and by combining the circuit board
supports, heat sinks, and housing into a single
mechanical element, the electronic frame.
In order to contribute to ease of manufacture
and to reduce cost, the frames were made as
uniform as possible and dimensional toler-
ances were made as wide as possible, con-
sistent with the design requirements.
In the Camera Electronics Assembly, an en-
closed H-section frame was utilized to support
the circuit boards and to provide a thermal
path to the TV Subsystem structure.
Adjustments were provided in the Camera
Head to achieve precise optical alignment
without resorting to costly machining opera-
tions. The mountings for the internal frame
connectors were also made adjustable to eli-
minate the need for precise machining opera-
tions or "floating" supports with a possible
vibration problem.
The Camera Head Assembly developed into
two types, one for the F-Cameras, the other
for the P-Cameras. The design was centered
about the one-inch magnetically focused and
deflected vidicon which was specified for both
heads. A suitable deflection yoke was avail-
able from a similar camera.
The vidicon was bonded to the inside of a
fiberglass sleeve. The sleeve was inserted
into a precision bore in the yoke and held
securely with a locking nut. A cutaway view
of the yoke and vidicon is shown in Figure 28.
This type of assembly distributes the load on
the glass envelope of the vidicon, allows ad-
justment between vidicon and yoke, and sim-
plifies vidicon replacement.
The yoke-vidicon assembly was assembled to
a yoke support bushing, as shown in Fig-
ure 29. This bushing was threaded on the
outside diameter; the inside diameter was
held to a close tolerance. Three slots in the
bushing accepted three tabs of the yoke. Two
locknuts, one on each side of the tabs, se-
cured the yoke assembly to the bushing. The
two locknuts also provided the means for ad-
justing the optical focus of the camera. By
rotating the locknuts, the position of the
yoke-vidicon assembly was moved, relative
to the camera housing.
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For minimum signal loss, it is desirable to
have the input terminal of the preamplifier as
close as possible to the target contact of the
vidieon. To meet this requirement, a cir-
cular preamplifier housing was designed to
fit in front of the yoke. The preamplifier
housing had the same diameter as the yoke;
thus, the overall diameter of the camera
housing was held to a minimum. The pre-
amplifier, installed in the P-Camera Assem-
bly, is shown in Figure 30.
Electrical testing indicated the need for spe-
cific shielding and grounding in the preampli-
fier. A suitable shield was designed using
0.004-inch-thick magnetic-shielding metal,
which was bonded to the inside walls and
cover of the preamplifier housing. The bond-
ing technique insulated the shield from the
housing, and a separate shield ground was
provided, as required for minimum noise
pickup.
The camera housing included the mounting
flange for installing the camera in the TV
Subsystem. R also included the mounting
surfaces for the yoke bushing, shutter, pre-
amplifier, and lens. Because of its close
mechanical relationship to the overall TV
Subsystem, the design of the six-camera as-
sembly was closely coordinated with the de-
sign of the Subsystem structure.
The lens assembly that was specified for the
cameras came equipped with a mounting
flange and had a pilot diameter. A faceplate
was designed to accept the lens mounting
flange and the pilot diameter. The faceplate,
in turn, was provided with a pilot diameter
which fitted precisely into an opening in the
camera housing. The lens and faceplate as-
sembly was bolted to the housing. This de-
sign provided access to the preamplifier and
permitted easy lens replacement without dis-
turbing the optical alignment. The faceplate
and lens assembly is shown installed on the
camera in Figure 29.
5. Test Verification
a. QUALIFICATION TESTS
Qualification tests were performed on the
Camera Group assemblies to ensure that the
design complied with the required perform-
ance. The assemblies tested were an F-
Camera, a P Camera, a Camera Sequencer,
a Sequencer Power Supply, and a Video Com-
biner. The units were subjected to, and suc-
cessfully passed, the following tests:
• Vibration;
• Shock;
• Static acceleration;
• Temperature-humidity;
• Thermal-vacuum;
• Temperature;
• Ethylene-oxide compatibility; and
• Explosive atmosphere.
Test measurements were made before and
after each test to gauge the effects of the test
on the equipment. The test measurements
were as follows:
• Telemetry (where required);
• Operating voltages;
• Waveforms;
• Sweep limits; and
• RETMA pattern.
A typical test tabulation is shown in Table 7.
b. LIFE TESTS
Further evaluation of the Camera Group as-
semblies was accomplished by operating the
units for a significant period of time. Con-
tinuous successful operation was in excess of
the 500-hour life test goal. The units were
subjected to environmental and electrical
tests after life test.
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Figure 30. Cutaway View of P-Camera Head with 25-mm Lens, Showing Circular Preamplifier
c. FLIGHT ACCEPTANCE TESTS
Tests of the various cameras were performed
to verify conformance with the performance
specification. The test consisted of measure-
ment of limiting resolution, percentage of im-
age erasure, and signal-to-noise ratio. A
typical test tabulation is shown in Table 8.
C. CAMERA GROUP DESIGN MODIFICA-
TIONS TO IMPLEMENT SPLIT-SYSTEM
CONCEPT
1. General
Implementation of the split-system concept in
the Camera Group resulted in the following
overall improvements:
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TABLE 7
TYPICAL QUALIFICATION TEST MEASUREMENTS ON F CAMERA
Test Points
-27 volts
-6.3 volts
Focus
+40 volts
G1
G2 Read
G2 Erase
+27.5 volts
1000/4
Target
+6.3 volts
Resolution
Waveforms
ReadHorizontal
Sweep Erase
Read
Vertical
Sweep Erase
Vertical
Horizontal
Shutter/Lamp
1000/300
G1 and Focus
Vidicon/Nuvistor
Vibration
Pre
-27.2
-6.29
-1. 879
35.3
-36.7
295
269
27.7
211
28.6
6.3
3.26
-5.35
4.12
-7.05
5.29
-6.28
3.0
4.25
3.90
4.60
3.10
Shock
Post
-27.3
-6.28
-1. 879
35.2
Pre Post
-27.3 -27.5
-6.38 -6.3
-1. 883 -1. 901
35.2 35.2
Pre
-27.5
-6.2
-1. 901
34
-32.8 -32.8
286 286
265 265
27.7 27.4
210 210
28.4 28.4
6.3 6.3
ok
x
3.28 3.28
-5.34 -5.34
4.14 4.14
-7.05 -7.05
5.29 5.28
-6.30 -6.30
3.1 3.1
4.46 4.46
3.90 3.9
4.66 4.66
----_ ___
3.14 3.14
-32 -31
285 290
266 262
27.7 26.1
210 210
28.5 28
6.3 6.3
ok
x
3.29 4.0
5.38 -5.89
4.14 6.90
6.88 -8.0
5.26 6.5
-6.35 -5.1
3.2
4.25
4.68
3.2
Acceleration
Post
-27.5
-6.18
-1.901
34.8
-31
290
265
27.0
210
28
6.3
ok
x
4.4
-6.1
7.5
-8.6
6.5
-6.0
4O
VOLUME 3 SECTION I
TABLE 7
TYPICAL QUALIFICATION TEST MEASUREMENTS ON F CAMERA (Continued)
Thermal-Humidity Thermal-Vacuum
45° C 0° C 40° C
25° C 95Cr/oh 95%h 45%h 25° C 0° C 40° C 55° C
Test Points
-27 volts
-6.3 volts
Focus
+40 volts
G1
G2 Read
G2 Erase
+27.5 volts
1000/4
Target
+6.3 volts
Resolution
Waveforms
ReadHorizontal
Sweep
Erase
ReadVertical
Sweep
Erase
Vertical
Horizontal
Shutter/Lamp
1000/300
G1 and Focus
Vidicon/Nuvistor
-6.26
-1.878
35.5
-35.1
290
268
27.7
210
28.5
6.3
ok
x
3.12
-5.4
4.05
-8.16
4.52
-7.49
4.1
4.9
3.28
4.5
0.78
3.0
-6.2
-1.875
35.8
-33
287
269
27.7
210
28.9
6.28
ok
x
3.21
-5.33
4.14
-7.31
4.51
-7.50
4.0
4.6
2.9
4.59
0.68
3.19
-6.2
-1.875
36
-32.5
286
269
27.8
210
29
6.29
ok
x
3.1
-5.3
4.12
-7.15
4.47
-7.5
3.8
4.5
1.7
4.6
0.60
3.18
-6.26
-1.916
34.5
-33.6
304
266
26.7
208
26.6
6.22
ok
x
3.18
-5.33
4.15
-7.59
4.50
-7.46
4.35
4.78
3.03
3.49
0.80
3.07
-6.26
-i. 890
-34.6
-32.8
308
264
27.1
209
27.6
6.24
ok
x
3.19
-5.37
4.10
-8.32
4.56
-7.48
4.35
4.87
2.15
4.10
0.78
2.80
-6.3
-1. 887
34.6
-30
301
266
27.0
208
27.6
6.3
ok
x
3.2
-5.24
4.10
-6.8
4.6
-7.46
4.12
4.48
2.08
4.58
0.56
3.35
-6.3
-1. 913
34.8
-34.3
312
264
26.8
209
27.6
6.24
ok
x
3.15
-5.44
4.03
-8.3
4.5
-7.5
4.4
4.94
3.03
4.41
O.56
3..11
-27.5
-6.3
-1. 902
34.7
-34.8
312
264
27.1
208
27.6
6.23
ok
x
3.15
-5.46
3.06
-8.48
4.51
-7.48
4.3
4.9
3.3
4.4
0.86
3.07
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TABLE 8
TYPICAL CAMERA PERFORMANCE MEASUREMENTS DURING FLIGHT ACCEPTANCE TESTS
Camera/Electronics
Resolution
Limiting
Erase Signal-to-Nolse Ratio Date
% Peak-to -Peak/Peak-to -Peak
081/021
019/019
017/017
015/015
032/029
025/025
022/022
28/018
F LIGHT
200
280
700
220
650
200
200
200
FLIGHT
030/030
033/031
029/020F
023/023
024/024
027/027
180
200
780
650
200
180
MODEL NO. 1
i0
i0
9
6
7.3
6.0
5.3
8.0
MODEL NO. 2
26
27
27
27.2
18
23
26
25
8/15/62
8/18/62
7/17/62
7/19/62
9/10/62
8/17/62
8/15/62
i0
8.3
i0
i0
6
2
28.5
30.0
28
30.0
32
21
10/22/62
10/5/62
8/29/62
10/19/62
9/5/62
a. IMPROVEMENT TO NONSTANDARD MISSION
CAPABILITY
The nonstandard mission capability of the TV
Subsystem was improved by replacing the
lenses on two P Cameras and on one F
Camera with faster, wider-angle lenses. This
modification increased the capability of the
Camera Group to produce useful pictures
over a wider range of surface conditions and
illuminations. Cameras Fa, P3, and P4 were
fitted with 25-mm, f/0.95 lenses; Cameras
Fb, PI, and P2 retained the 75-mm, f/2.0
lenses.
b. DECREASE IN VULNERABILITY OF CAMERA GROUP
TO EFFECTS OF CATASTROPHIC ASSEMBLY
FAILURES
This objective was achieved by eliminating
the signal and power interfaces between the
F- and P-channels. This modification pro-
vided an independent operating capability to
each channel. Further protection against the
effects of assembly failures within each chan-
nel was obtained by fusing the regulated
power outputs.
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c. REDUCTION IN THE PROBABILITY OF ZERO INFOR-
MATION RETURN
To improve the probability that at least some
information would be returned in the event of
equipment malfunction, separate data paths
were provided by the two independent (F and
P) channels. In addition, a timing mechanism
was incorporated to provide a backup turn-
on command to initiate operation of one cam-
era channel in the event of command link
failure.
2. Design Modifications
a. GENERAL
During implementation of the split-system
concept, continuing efforts were expended to
improve the operation and reliability of the
circuits and components of the Camera
Group. The design modifications performed
to implement the split system and other im-
provements are described in the following
paragraphs.
b. CAMERA LENSES
Two objectives were attained by incorporating
both the 75-mm, f/2.0 lens and the 25-mm,
f/0.95 lens into the TV Subsystem. First, the
dynamic range of the Subsystem was in-
creased to encompass lunar surface luminan-
ces extending from 20 or 30 footlamberts to
as high as 2700 footlamberts. Operation any-
where within this brightness range was a pos-
sibility when the various trajectories and
launch windows were considered. The second
objective was to provide a range of fields of
view to ensure satisfactory picture-taking
under ideal or adverse conditions of space-
craft attitude. The 25-ram lens was selected
to provide wide fields of view at reduced
angular resolution. These characteristics
reduce camera sensitivity to smear in the
event of misalignment of the spacecraft ve-
locity vector and the camera optical axis.
The Fb, Pl, and P2 Cameras retained the
75-ram, f/2.0 lenses, and the Fa, P3, and P4
Cameras were equipped with the 25-ram,
f/0.95 lenses. The projected image overlap
of the cameras with the new lenses is shown
in Figure 31.
The highest-resolution picture of the lunar
surface is obtained when the last picture be-
fore impact is from a narrow-angle P Cam-
era. In order to optimize the probability of
achieving this ideal situation, the P Camera
readout sequence was arranged Pl, P3, P2,
P4 or, in terms of field-of-view width, two
degrees, eight degrees, two degrees, and
eight degrees.
The f/0.95 lens is four times faster than the
f/2.0 lens. Characteristics of this lens are
plotted in Figure 32. In order to take advan-
tage of this increase in sensitivity, the gain
of each camera was set according to the fol-
lowing schedule:
75-mm, f/2.0 lens:
2-millisecond exposure 2700 footlamberts
25-mm, f/0.95 lens:
2-millisecond exposure 650 footlamberts
The characteristic curves (gain versus scene
brightness) for the cameras with each of the
two lens types is shown in Figure 33. These
curves (when extrapolated} indicate a dynamic
range between two adjacent cameras of 23 db
at a scene brightness of 35 footlamberts, and
41 db at 2600 footlamberts.
An illustration of the lens mounting used to
adapt the 25-mm, f/0.95 lens to the cameras
is showm in Figure 34. Because of the short
focal length of the lens, the vidicon mounting
was modified to move forward the image
plane of the vidicon. A focusing feature was
added to the front of the lens. In the revised
focusing procedure, the vidicon was preset to
a precise location in the camera head, and the
lens was focused from the front.
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c. SHUTTERS
During the development phase, spurious sig-
nals were observed in the video outputs of the
F Cameras. Investigation disclosed that a
major cause of these signals was micro-
phonics induced by the camera shutter.
During F-Camera readout, twelve P-Camera
sequences occurred. The shock from the op-
eration of the P-Camera shutters vibrated the
shutter blade of the F Camera. This vibra-
tion disturbed the electrostatic field that ex-
ists between the shutter blade and the vidieon
faceplate. The equivalent circuit of this field
is a shunt capacitance to ground; therefore,
the disturbance of the field caused variations
in the video output level. These variations
appeared as the horizontal lines shown in
Figure 35. An aluminum electrostatic shield
was added to the shutter assembly to isolate
the vibration of the shutter blade from the
vidicon faceplate. Figure 36 shows the F-
Camera shutter, and Figure 37 shows the
electrostatic shield that was installed. The
improvement in F-Camera video is shown in
Figure 38.
A further investigation was performed in an
effort to reduce shock-induced vidicon micro-
phonics to an acceptable level. Both the self-
induced shock of a particular camera and the
cross-coupled shock from other cameras
were evaluated.
Based on the results ot this investigation, a
shutter-mounting isolator was designed. This
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Figure 35. F-Camera Video Received at OSE via Hard 
line; Shutter without Electrostatic Shield and 
All Cameras Operating 
Figure 36. F-Camera Shutter without Electrostatic Shield 
isolator was in the form of a gasket which 
conformed to the outline of the shutter flmge 
and mounted between the shutter and the 
camera head. The isolator design for the 
P Cameras is shown in Figure 39, the F- 
Camera shutter isolator design is similar. 
Two urethane materials, Solithane 113 desig- 
nated Thiokol No. 5, and Solithane 291 (using 
LUME 3 SECTION I 
Figure 37. F-Camera Shutter with Electrostatic Shield 
Figure 38. Improved F-Camera Video Received at OSE 
via Hard line; Shutter with Electrostatic Shield 
and All Cameras Operating 
a Moca catalyst and a material to provide 
flexibility) designated Benzoflex, were se- 
lected a s  providing similar isolation charac- 
teristics for use as  shock isolators. The 
complete shutter modification consisted of: 
0 Fitting threaded studs in the camera 
head to replace the existing long lock- 
screws: and 
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Figure 39. New Shutter-Mounting Isolator Design
• Modifying the grommets on the lower
shutter screw by changing the gasket
material to urethane Thiokol No. 5 and
increasing the step diameter of the
grommets to be an interference fit in
the camera head. The depth of the
grommet was increased to 0. 200 inch.
Figure 40 is a comparison of the shock ef-
fects experienced before and after the in-
stallation of the new-design isolator. A
shock reduction of 3-to-1 over the previous
flight-configuration isolator was achieved
when measured on the six-camera bracket.
The investigations also indicated that the
shock produced by the action of a Ranger
camera shutter has sufficient magnitude to
induce microphonics in the nuvistor tube em-
ployed in the preamplifier circuit. Two
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Vertical Scale:
Horizontal Scale:
SECTION I
0.5 v/cm
5 ms/cm
a. Shock effects with existing bushing type isolator (Shutter outstroke)
Vertical Scale: 0.5 v/cm
Horizontal Scale: 5 ms/cm
b. Shock effects with new.design gasket isolator (Shutter outstroke)
I
Figure 40. Shutter Shock Effects
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approaches were considered as probable so-
lutions to the nuvistor microphonics prob-
lems:
• Selection of nuvistors for minimum sus-
ceptibility to microphonics; and
• Encapsulation of the nuvistor in a
soft material possessing shock-damping
characte ri stics.
For the selection process, the nuvistors were
tested (in a special test fixture) in the x-, y-,
and z-axes, depending upon the susceptibility
of the unit to microphonics in a particular
axis. The nuvistors that indicated the least
susceptibility to microphonics were con-
sidered acceptable and the transconductance
(gm) and voltage amplification factor (mu)
were checked.
The damping factor of a soft potting compound
versus the customary hard potting compound
was evaluated. The soft potting compound
proved superior in eliminating microphonics
in the cameras. The results of the test
showed that the peak-to-peak microphonic
signal was reduced by at least 2-to-l, and the
duration of the damped signal was reduced by
about 14-to-1 using the soft potting compom_d
(see Figure 41). All nuvistors requiring re-
placement were encapsulated in the soft
potting compound (Blue Urethane) to take ad-
vantage of this improved performance.
Another problem associated with the shutter
was the vignetting of F-Camera images. This
difficulty was eliminated by enlarging the
fixed aperture of the shutter assembly. Fig-
ure 42 indicates the extent of vignetting prior
to the modification. The photograph is an
oscilloscope display of a vertical field of
video from a uniformly illuminated camera.
Figure 43 shows the effect of the enlarged
fixed aperture on the video. For comparison,
the effect of removing the fixed aperture is
shown in Figure 44.
d. RECOVERY OF CAMERA VIDEO SIGNALS IN THE
FREE-RUNNING MODE •
A free-running mode of operation was pro-
vided in the TV Subsystem to allow indepen-
dent operation of the P1 Camera in the event
of a Camera Sequencer malfunction. The P1
Camera contains free-running multivibrators
which, during normal operation, are locked in
frequency by horizontal and vertical timing
pulses from the Camera Sequencer. Should
the loss of sequencer pulses occur, the multi-
vibrators will assume the free-running mode
and supply sync pulses to the Pl Camera.
The free-running video exhibits either of two
types of characteristic, depending on what
point in time the Camera Sequencer pulses
are lost. These types, designated Type 1 and
Type 2, are shown in Figure 45. The prob-
ability of occurrence of Type 1 is approxi-
mately 0.7; the probability for Type 2 is
approximately 0.3. In both cases, the period
of the video waveform is increased by 10 to 15
percent.
In order to facilitate recovery and display of
free-running video at the ground station, the
Pl Camera Electronics was modified to pro-
vide sync pulses of greater amplitude. Bench
tests were then made to evaluate the proba-
bility of recovery by the ground recording and
display equipment. It was found that recovery
could be readily accomplished with existing
ground equipment.
e. VIDICON CATHODE CURRENT (G1) REGULATOR
Regulation of the supply voltage was incorpo-
rated in the regulator to eliminate over-
stressing of the 2N1656 transistor. With the
modified circuit, collector-to-emitter voltage
cannot exceed 75 volts, which is well within
the specification for the transistor. A sche-
matic of the modified regulator circuit is
shown in Figure 46.
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a. Microphonic signal obtained with M-688 Isolator
b. Microphonic signal obtained with Blue Urethene Isolator
Figure 41. Results of Nuvistor Isolator Shock Tests
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Figure 42. Extentof Vignetting Prior to Modification of
ShutterAperture
Figure 44. F-Camera Video with Fixed ShutterApperture
Removed
f. CAMERA ELECTRONICS
Tests were conducted on the life test model
of the F-Camera Electronics to verify the
logical causes of failure suggested by pre-
vious design reviews. Test results were
analyzed and appropriate design changes were
made to correct potential trouble areas.
Figure 43. Effect of Enlarged Aperture on F-Camera Video
Oscillations were observed in the high-volt-
age regulator circuits. (A schematic of the
circuit is shown in Figure 47.) The frequency
of the oscillations was approximately 1 ke,
which is the resonant frequency of capacitor
C13 and inductor L1. Capacitor C13 coupled
these oscillations into the high-voltage regu-
lator, contributing to the instability. Re-
placing L1 with a 5.6-kilohm resistor elim-
inated the oscillations.
Excessive surge-current transients occurred
in the Q32 emitter when battery power was
turned on. This condition was corrected by
the installation of a current-limiting resistor
in series with the Q32 emitter and the base of
transistor Q5 in the power supply converter.
Other possible failure modes for transistor
Q32 were investigated. One possible failure
mode was large negative-voltage pickup to the
Q32 emitter through capacitive coupling in the
chopper transformer or cabling. Capacitance
measurements were made between the pri-
mary and secondary coils of the transformer,
and between other high-voltage points and the
Q32 emitter. Calculations indicated consider-
able reactance to high-voltage spikes at the
chopper frequency. No damaging spikes or
high-voltage levels were observed at the Q32
emitter.
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Figure 46. Schematic Diagram of Modified G1 Regulator
Another possible failure mode for transistor
Q32 was collector-to-emitter shorting caused
by the loss of the -27.5-volt DC chopper re-
turn. When this ground return is lost, tran-
sistor Q5 in the power supply converter
ceases to operate as a transistor. The col-
lector-to-base junction becomes forward bi-
ased and the collector then acts as a return
for the 6.3-volt DC chopper in addition to its
normal function of supplying the return for
the high-voltage chopper. This condition, in
turn, causes the current through Q32 to ex-
ceed the maximum current rating by a factor
of two, and results ultimately in the failure
of this transistor. This failure mode was
eliminated by removing the grounded end of
diode CR26 and the emitter connection of
transistor Q32 from ground and connecting
them together. This connection was then used
as the -27.5-volt DC chopper return. This
modification resulted in complete protection
of transistor Q32 against loss of chopper
return.
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Figure 47. Schematic Diagram of Modified Camera
Electronics High-Voltage Regulator
g. RAPID-SCAN ERASE
A technique of erase and preparation for ex-
posure, which utilizes a rapidly scanning
beam, was developed for the F Cameras. A
modified form of this technique has been used
successfully on other slow-scan cameras de-
veloped at RCA. This development signi-
ficantly improves camera performance, since
it reduces the residual image, after erase,
to less than 5 percent. It also provides
an increase in vidicon signal output level
over that obtained with the previous erase
techniques.
In the rapid-scan erase operation, a 15-kc
sine wave is applied to the vertical-deflection
coils and a sawtooth wave at 25 cps is applied
54
VOLUME 3 SECTION I
to the horizontal-deflection coils. In the early
stage of development, a 5-kc sine wave and a
450-cps sawtooth wave were used. At these
sweep rates, however, a charge pattern was
observed during the normal readout sequence.
A careful selection of the difference between
the vertical and horizontal sweep frequencies
reduced this charge pattern to the minimum
level of the peak-to-peak noise.
The 15-ke sine wave and the 25-cps sawtooth
which were selected place the erase charge
pattern beyond the resolution capabilities of
the vidieon read-beam, and place the fre-
quency components of the pattern outside the
bandpass of the video amplifier.
The rapid-scan erase for the F Cameras
was incorporated by modifying the Camera
Sequencer, Camera Head, and Camera Elec-
tronics. The Camera Sequencer was modified
so that it no longer supplied horizontal and
2 X horizontal pulses to the cameras. In-
stead, a mixed horizontal blanking signal,
shown in Figure 48, is supplied to the camera.
This input from the Camera Sequencer con-
trols the firing of the one-shot multivibrator
that triggers the horizontal-deflection ampli-
fier shown in Figure 49. The shutter pulses
control the normal read program for the ver-
tical-deflection amplifier. The erase pulses
close the gates that convert the vertical-
deflection amplifier to an oscillator which
resonates at 15 kc. The 15-kc tuned circuit
was located to the rear of the yoke in the
Camera Head to minimize the conducted and
radiated cross-talk of the 15-kc signal be-
tween adjacent cameras. The basic timing
signals generated for the rapid-scan erase
are shown in Figure 50.
h. CAMERA SEQUENCER AND SEQUENCER POWER
SUPPLY
As part of the implementation of the split-
system concept, a separate Sequencer Power
Supply was provided for each channel (F and
P) of the Camera Sequencer, and the 18-ke
dual Clock in the sequencer was separated
for individual operation in each channel. In
addition, the camera-switchover capability
was removed to increase reliability. In the
initial TV Subsystem configuration, if the P-
channel were disabled at switchover, no video
information would be obtained. Deletion of
the switehover capability ensured receipt of
video if either the F- or P-channel were
operative.
i. VIDEO COMBINER
The Video Combiner was modified to provide
independent operation of the P- and F-Chan-
nels. The redesign also furnished redundant
power (+ 6.3 and -6.3 volts DC) to each Video
Combiner channel. The redundant power sup-
ply for the F-Channel was Camera Electron-
ics F a and Fb; redundant power for the
P-Channel was supplied by Camera Electron-
ics Pl and P2.
3. Optimum Focusing of the Cameras
a. GENERAL
A study was conducted to evaluate the optical
focusing techniques used on the Ranger pro-
gram, and to determine the effects of environ-
ment on the optical focus of the TV SubsYstem
cameras.
b. EVALUATION OF OPTICAL FOCUSING TECHNIQUES
The original method of focusing the cameras
utilized an alignment telescope, which was
focused for infinity by means of autocollima-
tion techniques. The telescope was used to
view the vidicon reticle through the camera
optics while the position of the vidicon was
adjusted until the reticle appeared in sharp
focus.
In order to determine the maximum error
introduced by this method, geometrical op-
tics was used to establish: (1) The error in
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Figure 48. Horizontal Deflection Waveforms for Rapid Scan-Erase
the location of the telescope focal plane; (2)
The error in the location of the vidicon image
in the telescope; and (3) The corresponding
error in the location of the vidicon reticle
with respect to the focal plane of the camera
lens. The error in the location of the tele-
scope focal plane, due to the method of focus-
ing the telescope, was determined by the
following analysis.
If the cross hairs of the telescope are posi-
tioned at a distance AZ behind the focal plane,
as shown in Figure 51, the objective lens of
the telescope forms a real image of the cross
hairs at some point beyond the autocollimat-
ing mirror (M). However, the mirror reflects
the light rays, which are then intercepted by
the objective lens, and a real image is formed
at a distance A Z' in front of the focal plane.
The minimum separation that can be detected
between the cross hairs and the image cor-
responds to the depth of focus of the tele-
scope. This is 0.016 inch for a telescope with
a 12-inch focal length and a depth of focus of
750 feet to infinity.
The telescope with the cross hairs set 0.008
inch from the focal plane is shown in Figure
52. The image of the vidicon reticle can be
0.016 inch from the plane of the cross hairs
and still appear in focus. Thus, the maximum
undetectable error in the location of the vidi-
con reticle image is _-0.024 inch with respect
to the focal plane of the telescope. There-
fore, the maximum error in the position of
the vidicon with respect to the focal plane of
the camera lens, which can be detected with
the telescope, is approximately 0.002 inch for
the 75-mm focal-length camera and 0.0002
inch for the 25-mm focal-length camera.
In order to determine if these errors in the
location of the vidicon would cause a signifi-
cant reduction in resolution, the depth of
focus of the cameras was measured by re-
cording the square-wave response as the
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Figure 50. Timing Signals for Rapid-Scan Erase
vidicon was moved with respect to the cam-
era lens. The test object for this measure-
ment was an Itek chart, which consists of
black and white bars of various line densities.
This chart was located at the focal planeof a
9-inch collimator. The results of the meas-
urements for a camera with the 75-mm lens
are shown in Figure 53. The measurements
indicated that an error of _-0.002 inch did de-
grade image resolution, although performance
was still within the acceptance limits. Since
maximum resolution was desired, the tele-
scopic method for focusing the cameras was
replaced by the method used to obtain the
depth of focus curves. The number of lines
which gave a maximum square-wave response
of 10 percent was used to establish the depth
of focus and the best focal plane.
c. EFFECTOF ENVIRONMENT ON THE FOCUS OF THE
CAMERAS
Variations in camera resolution occurred
when the environment was changed from at-
mospheric to partial vacuum, due to a de-
crease in the focal length of the camera lens
with the change in the index of refraction of
the surrounding media. Additional variations
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Figure 53. Depth of Focus for the 75-mm (3-inch) Focal Length Camera
in resolution occurred as the thermal en-
vironment was changed. As temperature was
increased, expansion of the camera housing
caused the vidicon to be repositioned with re-
spect to the camera lens.
Calculations indicated that the focal length of
the 3-inch (75-ram) lens decreased by 0.0022
inch in going from air to a vacuum. The ef-
fect of this change on resolution was deter-
mined by assuming that cameras focused with
the telescope had the maximum focusing er-
rors shown in Figure 53. It was shown that
if a camera was focused initially at point A
and then placed in a vacuum, the focal length
would be decreased by 0.0022 inch. This de-
crease would move the focal plane to point A'
(0.0002 inch in front of the vidicon), and im-
prove the resolution. If the camera was fo,
cused initially at point B, a 0.0022 inch
decrease in focal length would move the focal
plane to point B' (0.0042 inch in front of the
vidieon). In this case the resolution would
decrease below the acceptable level.
As stated earlier, the relative position of the
lens with respect to the vidicon was found
to change with temperature. The distance
between the lens and the vidicon increased
0.0008 inch for each 10 ° C increase in tem-
perature. For cameras focused at point A'
in vacuum, a 20 ° C increase in temperature
would move the focal plane to point A" (0.0018
inch in front of the vidicon), and the resolu-
tion would still be better than the initial
value recorded at atmospheric pressure
(point A). For cameras focused at point B'
in vacuum, the same temperature increase
would move the focal plane to point B" (0.0055
inch in front of the vidieon), and reduce the
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resolution. For cameras focused at points
A' and B', a decrease in temperature would
move the focal planes to A"' and B'"
respectively.
The depth-of-focus curve for the 1-inch
(25-mm} focal-length lens is shown in Figure
54. Data on focal-length changes were not
available for this camera and were developed
experimentally. The focus of the camera was
set at point A in air. No change in resolution
was noted when the camera was placed in
a vacuum, indicating (according to the curve
in Figure 54) that the change in focus was
less than 0.001 inch. When the focus of the
camera was set at point B in air, the resolu-
tion in the vacuum environment decreased to
point C. When the temperature of the camera
was increased to 40 ° C in vacuum, the resolu-
tion decreased to point D. The change in lo-
cation of the focal plane was 0.0017 inch,
which corresponded to the effects of thermal
expansion on the 75-mm camera.
d. CONCLUSION
The data obtained from this study made it
possible to obtain optimum camera focus for
operation in the thermal-vacuum environ-
ment. By this technique, the cameras were
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defocused sufficiently in air at ambient tem-
perature to compensate for the thermal-vacu-
urn environment. The results were then
verified by measuring the resolution of the
camera in the thermal-vacuum environment.
4. Test Verification
a. GENERAL
As the acceptance program developed, the
qualification and flight acceptance criteria
were modified to increase the minimum ac-
ceptable limits and to augment the tests to
encompass the performance goals of the re-
designed equipment. The revised acceptance
criteria for the F and P Cameras are shown
in Tables 9 and 10.
b. QUALIFICATION TESTS
Camera Group assemblies that underwent
major modifications were submitted to a
series of qualification tests. These tests
included:
• Vibration;
• Shock;
• Static acceleration;
• Temperature-humidity;
• Thermal-vacuum;
• Temperature
• Compatibility with ethylene oxide; and
• Explosive atmosphere.
Test measurements were made before and
after each test to gauge the effects of the
test on the equipment.
¢. FLIGHTACCEPTANCE TESTS
Camera Group assemblies were submitted to
the following flight acceptance tests:
• Operating voltages;
• Telemetry voltages (normal mode);
TABLE 9
F-CAMERA REVISED ACCEPTANCE CRITERIA
Parameter
Exposure time
Residual image
Signal-to-noise ratio
Value
5 milliseconds
5% or less
p-p/rms
p-p/p-p
Resolution
Gamma
White-field shading over 80% of field
Dark-field shading over 80% of field
> 27 db/0.7 fcs peak highlight
> 15 db/0.7 fcs peak highlight
5% at 650 TV lines
0.5 to 1.1
*53% of average Black-to-White
+3_7% of average Black-to-White
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TABLE 10
P-CAMERA REVISED ACCEPTANCE CRITERIA
Parameter Value
Exposure time
Residual image
Signal-to-noise ratio p-p/p-p
2 milliseconds
10% or less
_>15/db/0. 3 fcs peak highlight
Resolution
Gamma
White-field shading
Dark-field shading
5% at 175 TV lines
0.5 to 1.1
_-26% of average Black-to-White
_-7% of average Black-to-White
• Telemetry voltages (failure mode);
• Measurement of vidieon electrical pa-
rameters;
• Camera performance, including meas-
urement of video amplifier response,
resolution, gamma, percentage of erase,
sensitivity, and shading; and
• Noise and microphonics.
D. VIDICON DEVELOPMENT AND TEST
PROGRAM
1. 'Performance Summary
a. INITIAL PERFORMANCE
Vidieons purchased and tested during the
early phases of the Ranger program exhibited
wide variations in performance, and the
rejection rate for the tubes was high.
The vidicon characteristics that posed the
greatest problems were:
• Excessive mesh modulation;
• Nonuniform characteristics;
• Susceptibility to microphonics; and
• Variations in residual image from tube
to tube.
An additional problem was imposed when the
split-system design introduced the use of a
25-ram focal-length lens on two of the P
Cameras, in place of the original 75-mm lens.
The shorter focal length made the use of an
external dark-current reference mask im-
practicable, because of the excessive loss of
active vidicon target area. Thus, the develop-
ment of a suitable internal mask for the P-
Camera vidieons became necessary. Typical
characteristics of the vidicons purchased
during the early portion of the Ranger pro-
gram are listed in Table 11.
b. DESIGN MODIFICATIONS
The vidieons were modified with the aim of
eliminating the foregoing problems. These
modifications were as follows:
(1) Laminated Faceplate Construction
In this construction, the dark-current refer-
ence mask is sandwiched between the glass
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TABLE 11
INITIAL VlDICON PERFORMANCE CHARACTERISTICS
Parameter Value
Sensitivity (uncorrected tungsten
2s00 o K_
Resolution through camera
Residual Image
Shading
Noise
Mesh modulation
Microphonics
Dark-current reference
8 to 10 na/0.1 fcs (frequent
reject item)
Widely variable
10%
Not predictable, frequent re-
ject item
1 na average, 3 to 4 na maxi-
mum (established practical
limit of S/N ratio)
Not predictable, frequent re-
ject item
Seldom stable, external mask
utilized
faeeplate of the vidicon and another glass
plate. These layers are then laminated to-
gether with the target. This technique places
the reference mask close to the vidicon tar-
get, without introducing the electrical errors
that are characteristic of an internal refer-
ence mask. However, this advantage was
offset by spot imperfections which were in-
troduced in the target by the construction
process, and the use of laminated-faceplate
tubes was discontinued.
(2) 1500-Line Mesh for the Vidicons
This design change approximately doubled the
density of the vidicon mesh electrode. The
video modulation component contributed by
mesh noise was increased in frequency, and
reduced in amplitude to below the level of
detection. This change also increased the
resolution capability of the vidicons.
(3) Residual Image Uniformity
The spacing between the mesh electrode and
the target was controlled to maintain a min-
imum aperture for the erase illumination.
This change, in conjunction with more pre-
cise alignment of the vidicon in the Camera
Subassembly, provided predictable control
of the residual-image performance of the
vidicons.
(4) Reduced Susceptibility to Microphonics
The aperture of the mesh-electrode support
was reduced when the 1500-line mesh was
incorporated into the design. This change
provided additional support for the mesh and
reduced its susceptibility to microphonics.
c. VIDICON PERFORMANCE AT CONCLUSION OF
DEVELOPMENT EFFORT
Following the Ranger VI mission, an improved
process was developed for the manufacture of
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vidicon targets. The tubes made with the
new process exhibited a lower rejection rate.
Problems continued to be encountered with
the internal dark-current reference mask
used in the P Cameras. However, careful
selection of tubes yielded a sufficient number
for flight assignment and spares. Trade-offs
were made in dark-field shading, reference-
mask tracking, and residual-image perform-
ance to obtain satisfactory overall camera
performance.
At the conclusion of the vidicon development
effort, the vidicon performance characteris-
tics were as listed in Tables 12 and 13.
2. Vidicon Test Program
a. INTRODUCTION
The purpose of this program was to test and
evaluate vidicons for flight use. Vidieons
were subjected to a series of tests in the
camera, at room temperature. The tubes
were then operated over the temperature
range of -15 to +15 ° C, and measurements
were made to detect any change in electrical
performance.
b. TEST EVALUATIONS
Evaluations of the vidicon parameters tested
are discussed in the following paragraphs.
(!) Sensitivities
The sensitivities measured for F-Camera
vidicons ranged from 26 to 49 nanoamperes
at 0.7 foot-candle-second. This sensitivity
resulted in a signal-to-noise (peak-to-peak
values) ratio of 32 to 42 db. The sensitivi-
ties of P-Camera vidicons ranged from 20 to
30 nanoamperes at 0.3 foot-candle-second,
resulting in signal-to-noise ratios of 28 to 38
db. An example of sensitivity versus illumi-
nation is shown in Figure 55.
(2) Gamma
Vidicon gamma measurements ranged from
0.65 to 0.95, which is a fairly wide dynamic
range. The gamma was higher without erase
illumination, ranging from 0.8 to 1.2. How-
ever, operation with erase illumination was
required to obtain minimum residual image.
TABLE 12
F-CAMERA VIDICON PERFORMANCE CHARACTERISTICS
AT CONCLUSION OF VIDICON DEVELOPMENT EFFORT
Parameter Value
Sensitivity (solar-corrected tungsten)
Resolution through F b Camera
Residual image
Shading
Noise
Dark-current reference
- 40 na/0.6 fcs
10 to 20% at 672 TV lines,
limiting at more than 800 TV
lines
Controllable to less than 2%
Not induced by vidicon
Less than -50 db
External
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TABLE 13
P-CAMERA VIDICON PERFORMANCE CHARACTERISTICS
AT CONCLUSION OF VlDICON DEVELOPMENT EFFORT
Parameter
Sensitivity (solar-corrected tungsten)
Resolution
Residual image
Shading
Noise
Dark-current reference
Value
25 na/0.3 fcs
10 to 20% at 168 TV lines,
limiting at more than 200 TV
lines
Controllable to less than 2%
Internal mask variations
Less than -50 db
Vidicons must be subjected
to thermal test to establish
reference tracking
(3) Reference Mask
The use of an internal dark-current reference
mask for the F-Camera vidicons was discon-
tinued, and it was replaced with an external
painted mask. The external mask overcame
the mask error problem associated with the
internal mask, and allowed the vidicon to be
rotated for best shading. The use of the in-
ternal mask for the P-Camera vidicons was
necessary because of the small area scanned;
however, the difference in dark current be-
tween the mask area and scene black was re-
sponsible for the rejection of 25 to 30 percent
of the P-Camera vidicons.
(4) Resolution
The square-wave response at 200 TV lines
for the P-Camera vidicons and at 800 TV
lines for the F-Camera vidicons ranges from
5 to 10 percent. A typical graph of the
square-wave response of a P Camera is
shown in Figure 56.
(5) Residual Image
The residual image obtained at maximum
erase illumination is 0 to 2 percent for multi-
ple exposures. A degree of this residual-
image performance was sacrificed to obtain
acceptable mask reference errors in the P
Cameras, and to obtain better black-field
shading in the F Cameras. The effect of
erase illumination on shading and residual
image is shown in Figure 57.
(6) Photoconductor Surface
Target spots and blemishes were responsible
for the rejection of approximately 30 percent
of the vidicons. These imperfections are due
to problems in the manufacturing process.
(7) Electrical Depth of Field
The response of the vidicon is critically de-
pendent upon the focus of the beam on the
target surface. The variation of response
with change in focus field for a typical vidi-
con is shown in Figure 58.
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Figure 55. Vidicon Sensitivity versus Illumination
(8) Temperature Variation
The change in signal current and mask error
of a typical vidicon, over the temperature
range of -15 to +55 ° C, is shown in Figure 59.
The response of the vidicon over the temper-
ature range is shown in Figure 60; the
response over the temperature range for
various read currents is shown in Fig-
ure 61. A decrease in response is evident
above 40 ° C.
The characteristic increase in dark current
above 40 ° C, and the variation of gamma over
the temperature range, is shown in Figure
62. The typical relatiorship of residual im-
age to temperature is shown in Figure 63.
(9) Erase Illumination
The illumination of the erase lamps for var-
ious lamp currents was determined. In this
test, the light intensity from the erase lamp
was controlled by placing various values of
resistance in series with the lamp. The
light levels of the erase lamp were measured
by using a vidicon whose output had been cali-
brated with a standard light source. Light
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levels above 0.7 foot-candle-second were ex-
trapolated from voltage measurements across
the erase lamp. The light levels obtained for
the various values of series resistance are
shown in the following tabulation:
Series Lamp Light Level in
Resistance in Ohms Foot-Candle-Seconds
62 0.01
56 0.09
51 0.18
47 0.44
43 0.85
39 1.70
30 5.60
20 13.00
(10) Shading
This problem was more predominant in the
F Cameras, since the raster area is sixteen
times greater than that of the P Cameras.
It was determined that the major cause of
shading was the off-axis beam-landing error.
This condition was improved by moving the
vidicon forward in the yoke to allow the fringe
focus field to interact with the beam, and re-
duce beam-landing error. A typical example
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of the improvement obtained in black-field
shading by repositioning the vidieon (or yoke)
is shown in Table 14.
In four out of nine tests, minimum black-field
shading occurred when the vidieon was 1/2-
inch forward of the normal position. In these
cases, the shading was two to three times
less than normal.
The axial repositioning of the vidieon greatly
improved the horizontal-line shading; however,
it had very little effect on the vertical-frame
shading. Significant improvement in vertical-
frame shading was obtained by separating the
vidieon mesh and wall, and applying 0.7 of the
G4 voltage to G3. The improvement was at-
tributed to either of two reasons, First, the
electrostatic field of G3/G4 may have com-
pensated for the beam-landing error due to
deflection, and allowed the beam to land per-
pendiculariy to the target surface. Second, a
space charge, which may have existed around
the mesh due to secondary emission, was
eliminated by being attracted to the mesh. An
example of the combined improvement obtained
by axial positioning of the vidicon and by sep-
arating G3 and G4 is shown in Figures 64 and
65. The quantitative results are shown in
Table 15.
3. Measurement of Vidicon Sensitivity
a. INTRODUCTION
A method formeasuringvidicon sensitivitywas
developed to obtain a sensitivity value which
was independent of the spectral sensitivity of
the vidicon or the spectral distribution of the
light source. Previous measurements were
based on the spectral distribution of the tung-
sten lamp that was used as the light source.
These sensitivity measurements were not valid
over the spectral range of solar light or over
the range of vidicon spectral response. The
development of the improved method for de-
termining vidicon sensitivity is described in
the following text.
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b. THEORETICAL APPROACH
The video output of a vidicon when subjected to
radiation from a specific light source is given
by:
V = K E_.dX (/7)
where:
is the video output signal from the
vidieon;
E_. is the irradiance on the vidicon;
Ks is the vidicon sensitivity; and
r is the transfer characteristic of the
vidicon.
The value of Ks ,depends on the spectral sensi-
tivity of the vidicon and the spectral distribution
of the light source. The following derivation of
Ks establishes the relationship.
For radiation in a narrow spectral region (A ;_),
equation (17) can be written as:
V = Km(E_. AX)}' (18)
where:
V
m
K m
tion,
is the video output signal from the vidi-
con; and
g is a scale factor for monochromatic
m
radiation.
is the product of a constant, a , and a fune-
K >,, whose value depends on wavelength
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TABLE 14
SHADING VS. AXIAL YOKE DISPLACEMENT (TYPICAL)
Yoke Displacement
in Inches
0. 125
O. 250
0. 375
0. 500
O. 625
Lamp Resistor Value
in Ohms
30
56
c_
3O
56
3O
56
3O
56
oc
3O
56
3O
56
Shading in
Nanoamperes
7.7
3.5
3.1
6.7
3.2
2.8
4.6
2.6
2.2
3.8
2.8
2.3
2.3
2.3
2.3
3.7
2.8
2.6
b
mini-
b
mumb
(g,, = a gh). Substituting a K ;_ in equation (18)
yi el ds:
Vm = a KX ( EX5 X)Y (/9)
By placing Kh within the parentheses and con-
sidering all wavelength regions, equation (19)
becomes:
1
V = a (fKAY E_,d,_)Y (20)
!
where K;_y is substituted for K;_, since equa-
tion (20) can be applied to any source.
1
Letting K_Y =Rh , it can be seen that the value
of Rh establishes the effectiveness of the mono-
chromatic radiation, Eh , to produce a video
signal.
For the same source, the values of V as given
by equations (17) and (20) are equal;therefore,
v=K (/Exd_)Y =a(fRxExdX)Y (21)
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TABLE 15
RESULTS OF SHADING IMPROVEMENT TECHNIQUES
1. Normal operation
G3 = G4 = 1000 volts
2. Axial positioning
vidicon 0.375 inch
forward of yoke
G3 = G4 = 1000 volts
3. Axial positioning
vidicon 0. 375 inch
forward of yoke
G3 = 700 volts
G4 = 1000 volts
Black-Field
Shading
23%
10%
9%
White-Field
Shading*
50%
45%
11%
*Corrected for lens and collimator errors
75
Solvingfor K,yields:
a (f R;_E;_d;_)y
i<- =
( f Ex d_)y
(22)
The value of K, depends on the spectral re-
sponse of the vidicon and the spectral distribu-
tion of the incident radiation, and it is
meaningless to give the value of g_ unless Rh,
E h and 7 are also given. When all of the se items
are specified, a can be determined and then
used to calculate vidieon sensitivity for any
type of radiation. However, it is more prac-
tical to determine a by measurements based
on equation (19), as described in the following
discussion.
c. EXPERIMENTAL METHOD
The experimental method was used to obtain
data for deriving the values of K_ and a ac-
cording to equations (17) and {19), respec-
tively. All vidicons were tested with the
same optical and electronic components. The
electrical parameters of the vidicons were
selected to meet the Ranger test specifica-
tions. The gain of the video amplifier was
held constant throughout the tests, and the
cameras were adjusted to optimize erase,
image format and sensitivity.
The TV Subsystem cameras were intended for
use under lighting conditions of reflected sun-
light; therefore, the light source used to eval-
uate equation {17) was selected to approximate
the solar spectrum. The spectral curve of this
source is shown in Figure 66, where it is com-
pared to the solar spectrum. Vidicon transfer
characteristics under this illumination are
shown in Figure 67.
The value of a establishes a measure ofvidieon
sensitivity that is independent of the source
and spectral sensitivity of the vidieon. The
evaluation of a is based on equation (19),
which shows that the radiation must be lim-
ited to narrow spectral regions (AX). This
narrow spectral region was obtained by using
a Perkin-Elmer monochromator, in the test
arrangement shown in Figure 68.
In performing the test, radiation from the exit
slit of the monochromator was used to illumi-
nate the camera and the thermocouple. It was
assumed that thermocouple sensitivity did not
change during the test period, and that the
irradiance of the camera was proportional to
thermocouple output. Thus, a relative compari-
son of gamma ( 7 ) for different vidicons was
obtained.
The evaluation of a was simplified by deter-
mining its value at the peak of the camera
spectral response curve, where Kh = 1. In
order to ensure that the assumed peak was
correct, measurements were made at wave-
lengths on either side of it. The transfer char-
acteristics of the vidicons tested with the
spectrometer light source are shown
in Figure 69.
4. Measurement of Spectral Response of a
Vidicon Camera
a. INTRODUCTION
A method for measuring the spectral response
of the vidicon camera was developed to deter-
mine the ability of the vidieon to produce a
video signal from the radiant energy at any
given wavelength. The method is described in
the following text.
b. THEORETICAL APPROACH
The response of a vidicon camera illuminated
by a light source is given by:
V = K (E) 7 (23)
where:
K is a constant that depends on the spec-
tral sensitivity of the vidicon and the
spectral distribution of the source;
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V is video signal volts;
E s is the irradianee on the vidicon; and
y is the transfer characteristic of the
vidicon.
Gamma (y) is a function of E,. Experimentally
it can be shown that a region of E, exists over
which y is constant. In the followingdiseussion
E is limited to the region wherey is
constant.
Equation (23) can also be written as follows:
V =K
s s
2
(24)
where:
Ek is the spectral
vidicon.
irradiamce on the
Equation (24)is not very useful, since the value
of Ks , determined experimentally for one light
source, cannot be used to predict the video
output for other sources. A general equation
which applies to any source was developed in
the following manner.
For narrow spectral regions, EX is assumed
to be a constant which is equal to its average
value over the interval hA, and Equation (24)
can be rewritten as follows:
Yx = K (E x h_.) y (25)
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whe re:
Vh is the video signal voltage resulting
from E_.
K, is then expressed as:
K, = a K:_ (26)
where a is defined as a constant which is inde-
pendent of wavelength and K ,_ represents the
wavelength dependency. Substituting the equiv-
alent of K, from equation(26}for g in equation
(25) yields:
Vh = a K_ (E_ A;_) 7 (27)
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Figure 68. Test Arrangement for Determining Vidicon Transfer Characteristics with Monochromatic Radiation
K_ is placed within the parenthesis and equa-
tion (27) becomes:
V h = a Eh Ah (28)
The expression for the response to any source
that covers a wavelength region in which gx
and g h cannot be assumed constant is given
by:
_2 L h/7V = a KZ E_ d (29)
_7
Equation (29) is general and can be applied
l
to any energy source, once KXY , and 7 are
measured. The most useful definition of
vidicon response is given by equation (29);
therefore, in this development the spectral
!
response is represented by KZ , thus:
where R _ is defined as the relative spectral
response, and is the effectiveness of the radiant
energy at a wavelength, X , to produce a video
signal. Equations (28) and (29), become
respectively:
V_. = a (R_. Ex AX)7 (30)
;_2 7
V = a ( f._ R_E_.d_.I. (31)
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Figure 69. Transfer Characteristics of Vidicons Measured with Monochromatic Radiation
c. EXPERIMENTAL METHOD
Using equation(30)and taking the ratio of Y_, to
_'_,p (video at peak sensitivity), the value of R;_
becomes:
E_,hA
R_. - 1 (32)
)
The parameters required to evaluate equation
(32) were obtained from the experimental ar-
rangement shown in Figure 68.
Radiation in a narrow spectral region (hA) was
obtained from a Perkin-Elmer double pass
monochromator. The output from the mono-
chromator was first directed into the vidicon
camera. The monochromator slits and the
light-source intensity were adjusted until the
desired video signal was obtained at the output
of the camera. The monochromator outputwas
then reflected to the thermocouple by means
8O
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of the movable mirror, and the output of the
thermocouple was compared with a standard
electrical test signal.
Since the thermoeouple output signal and the
irradianee of the vidicon were both propor-
tional to the monochromator output, a meas-
urement of (E_A_) was obtained. This
measurement was used in the following
proportionality:
C
E1 Ah = Dtl D (33)
whe re:
D M. is the recorder deflection for the
thermocouple output at wavelength _,
and
Dvx is the recorder deflection for the cali-
bration voltage, C v;_ , with the same
amplifier gain as D
A substitution was made for (E;_AX) in equation
(32) from expression {33}, and a similar term
was introduced for (ExpAX), which is the
illuminance at the peak sensitivity of the vidi-
con. Equation (32) became, in terms of meas-
urable quantities:
Dth
5. Determination of Value of Collimator Bright-
ness Required to Simulate Lunar Surface
Luminance
a. INTRODUCTION
The TV Subsystem cameras had fixed
f/numbers and exposure times. The electrical
parameters of the vidicons were selected to
give optimum operation with regard to shading,
erasure, and sensitivity. Once these param-
eters were determined, the electrical output
of the vidicon depended only on the exposure
of its photosensitive surface. This electrical
signal had to be amplified sufficiently to pro-
vide the correct modulation for the
transmitters.
The ability to set the gains of the amplifiers
correctly was essential. If the gain was set
too low, the full range of modulation was not
obtained. If it was set too high, video infor-
mation was lost due to clipping by a specially
designed,_cireuit, which functioned to prevent
overmodulation of the transmitter.
In order to set the gain of the video amplifiers
properly, it was necessary to know what the
electrical output of the vidieons would bewhen
they were exposed to the luminance of the
lunar scene. If a light source had been avail-
able which had the spectral characteristics of
the lunar scene, or if the vidieons had the
spectral sensitivity of the eye, the problem of
setting the video gain would have been greatly
simplified. In actuality, the camera did not
have the same spectral sensitivity as the eye,
nor did the light source approximate the
spectral characteristics of the lunar scene.
The radiance of the light source (a calibrated
collimator) had to be set, therefore, to com-
pensate for the difference in spectral charac-
teristics. The radiance of the collimatorwould
be set correctly if the video signal from the
vidicon were identical to the signal that would
be produced when viewing the lunar scene.
b. THEORETICAL APPROACH
The correct value of collimator radiance was
derived from the following equations:
V = V
c m
12 y
= % [/ K R (h) E¢(_)dh]
[/ ]'= % F, R (_.) E (,_) d,k (35)
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where:
Y is the video signal when the camera
¢
views the collimator;
Ym is the video signal when the camera
views the lunar scene;
av is camera sensitivity;
Km is the scale factor for radiation re-
flected by the lunar surface;
g¢ is the scale factor for collimator
radiance;
R v (A) is the relative spectral response of
the camera;
Ec(;_) is the relative spectral distribution
of the collimator light source;
E(X) is the relative spectral distribution
of the radiation reflected by the
lunar surface; and
y is the slope of the camera transfer
curve.
Equation (35) is solved for K, which is the
scale factor required for the collimator.
Thus:
fRv (k) Em (;_)d_.
K = K m (36)
fR (h) E (1) d_.
The value of K depends on the radiance of
m
the lunar surface under the desired viewing
and lighting conditions, and it is obtained from
the following:
Sm = Km fE (;_) dX (37)
where B,. is the radiance of the lunar
surface.
Substituting for K in equation _(36) yields:
Bm f R (,k) Em(X) d;_
K = (38)
fE (_)d,k R (,_)E (_)d,k
Equation (38) gives the desired scale factor, Kc ,
for the collimator. This scale factor is ex-
pressed in terms of the radiance of the collima-
tor as measured by a radiometer. The equation
is as follows:
Bcr = Kc K r f E ()_)Rr (1)d1 (39)
where:
so,
K t
is the radiance of the collimator, as
determined by the radiometer;
is the scale factor of the radiometer;
and
R (X)is the relative spectral response of
the radiometer.
Substituting the equivalent of K from equation
(38) in equation (39) yields:
f B fR,()_) Era(h) dA 1
Be r = nl
"[K,.fE¢(X) Rr(X)d_. ]
(40)
In order to evaluate equation (40), the value of
the radiometer scale factor, g,, must be de-
termined. This value is obtained by cali-
brating the radiometer with a standard light
source whose radiance is known. The rela-
tionship of the actual radiance measured by
the radiometer to the radiometer scale factor
is expressed by:
B = K K fEsf)_)R(X)dh=K , fE (A) d)_ (41)
where:
B= is the actual radiance as measured
by the radiometer;
E=(X)is the relative spectral distribution
of the standard lightsource; and
g= is the scale factor for the standard
light source.
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Solving equation (41)for K r yields:
f Es (h) d;_
K r =
Substituting the equivalent of K
(42) in equation (40) yields:
(42)
from equation
B B fR(_)E(_)d_ fE(;_)R/_)dh fE(X)d;t (43)
"" fErn(X) f Rv(X) E(X) aX f Es(X) _(X) _X
The radiance of the lunar surface, B m , has
been determined by visual photometric tech-
niques. In order to utilize this data, equation
(43) must be modified so that photometric
quantities can be substituted for the radi-
ometric quantities. This step is accomplished
by using the luminosity function to express
B s (equation41) and B m (equation 37)in terms
of luminance. Thus, equations (37) and (41) be-
come, respectively:
e ' =K K yI(X) E (X) dX (44)
m m • m
=K K RI( ) =K Kfl(X)
= Ksg fl(h) Es(h)d)_
(45)
where the primed values represent photo-
metric quantities, and:
I(h) is the spectral sensitivityofthe stand-
ard observer;
is the scale factor of the standard
observer; and
R'(£) is the spectral sensitivity of the
photometer.
When the radiometer is replaced by aphotom-
eter, the brightness, B" , of the collimator
as read by the photometer is expressed by:
8/. fR,,(h) E()d clAfE :(X) P,r'(;ddX fl CA)
B:,= R (h) E(h)dhfEs(h)R'(h)dhfl(h) (46)
fl(h) Es (h) dA
fl(;_) E(X) dx
ff the spectral response of the camera, R V (h),
is equal to that of the eye, I(_), the brightness
of the collimator, B'¢r , will correspond to the
luminance of the lunar surface, B' to the
m !
extent that the spectral response of the photom-
eter, R'(_,) , and that of the observer's eyes,
/ (_,), are the same. If, in addition, the spectral
response, R' of the photometer is equal to
r '
the spectral response, I (h) of the eye, the
luminance values B'¢, and B' will be equal
and independent of the spectral characteristics
of the sources.
c. EXPERIMENTAL METHOD
The aforementioned equalities did not exist;
therefore, in order to complete the evaluation
of equation (46) it was necessary to know the
spectral emission, E:(h), of the collimator,
the spectral sensitivity R: (?.)of the photom-
eter used to measure the luminance, and the
spectral emission, Es (;0, of the standard
source. The spectral emission of the collima-
tor at various lamp voltages was plotted, as
shown in Figure 70. The curves indicate that
the spectral emission was virtually independent
of voltage. This effect was due to the filter
which is used to modify the output of the
tungsten lamp. This filter is the controlling
factor in setting the spectral emission of the
collimator. The curve of spectral sensitivity,
R' (X), of the photometer was compared to the
curve of eye sensitivity, I(X). A comparison
of the two curves is shown in Figure 71. The
spectral emission E s (_) of the standard source
was set to equal that of a tungsten lamp op-
erating at a color temperature of 2854* K. The
value of collimator brightness required to set
the gain of the cameras was then calculated
from equation (46).
E. FUNCTIONAL DESCRIPTION OF THE
FINAL CONFIGURATION OF THE CAM-
ERA GROUP
1. Generai
The Camera Group of the TV Subsystem per-
forms those functions necessary to receive
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scene information and to convert it into a
preemphasized composite video signal for ap-
plication to the transmitter modulator. The
equipment is divided functionally into two major
subgroups: the F-Camera section and the P-
Camera section. Functional diagrams of these
sections are shown in Figures 72 and 73. The
detailed interface functions for a single cam-
era in the F- or P-section are shown in Figure
74. Both sections are similar in equipment
complement, and each is composed of the items
described in the following +paragraphs. The
Camera Group equipment is illustrated in
Figures 75 through 83.
2. Cameras
The F-Camera section has two cameras, and
the P-Camera section has four. Each camera
contains those components necessary to con-
vert the scene image input to a video signal;
namely, optics, a shutter, a vidicon, deflection
and focus coils, and a video preamplifier.
The arrangement of these items is shown in
Figure 72.
The optics (1, Figure 84} image the sceneonto
the vidicon photoconductive target (3). The
shutter (2), when actuated by the electromag-
netic solenoid (4), exposes the vidicon target
to the scene for a finite time. The exposure
time is selected to give adequate image ex-
posure and to control image smear.
The focus coil (7) provides a magnetic flux
field around the vidicon, which causes the
scanning electron beam (6) to converge to a
focus on the target of the vidicon. The vertical
deflection coil (8) provides the magnetic flux
to deflect the scanning beam vertically. The
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Figure 72. F-Camera Section of Camera Group, Functional Diagram
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horizontal deflection coil generates a magnetic
flux field which is located at 90 degrees to the
vertical deflection field. The horizontal deflec-
tion is from side-to-side of the raster.
The erase lamps (5) provide illumination to
saturate the photoconductive target of the vidi-
con during the "prepare" cycle, in order to
erase the residual image that remains after
readout. The photoconductive target has elec-
trical storage characteristics that are com-
patible with the exposure time and frame rate
of the TV Subsystem.
The scanning beam (6) is a controlled emis-
sion of the vidicon electron gun. The beam
scans the photoconductive target and sequen-
tially converts the stored electric charges,
which are proportional to illumination, to an
electrical output signal. This process permits
transmission of the individual elements of a
complete picture by means of a conventional
modulated carrier. It also provides for the
reconstruction of the complete picture on dis-
play equipment that is locked to the camera
scan by the synchronizing pulses of the com-
posite video.
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Figure 74. Functional Diagram of Individual Camera 
Figure 75. Final Configuration of the Fa-Camera Sub- 
assembly (6.755 Ibs., 4.5-inch diameter, 10-inches long) 
Figure 76. Final Configuration of the Fb-Camera Sub- 
assembly (7.346 Ibs., 4.5-inch diameter, 10-inches long) 
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Figure 77. Final Configuration of the P1 and P2 Camera 
Subassemblies (6.188/6.221 Ibs., 4.5-inch 
diameter, 10-inches long) 
Figure 78. Final Configuration of the P3 and P4 Camera 
Subassemblies (5.895/5.882 Ibs., 4.5-inch 
diameter, 10-inches long) 
Figure 79. Final Configuration of Camera Electronics 
inches high, 5.5 inches wide) 
Assemblies ( 8.341 Ibs., 13-inches long, 3.5 
I 
I 
v 
Figure 80. Final Configuration of Video Combiner 
2-inches high, 6-inches wide) 
Assembly (3.095 Ibs., 12-inches long, 
The vidicon electrodes (10 through 15) form 
the electron beam and provide the electric 
fields which enable scanning of the target. The 
preamplifier (18) serves to isolate the high- 
impedance target from the relatively low inter- 
face impedance. 
The operation of the camera is more complex 
than that of commercial television cameras 
because of additional features necessitated by 
88 
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Figure 81. Final Configuration of Sequencer Assembly 
(14.131 Ibs., 12.5-inches wide, 6-inches 
high, 4.5-inches wide) 
Figure 83. Final Configuration of Filter Assembly 
(0.055 Ibs., 2.75-inches long, 1.5-inches 
high, 2.25-inches wide) 
the mission requirements. First, shuttered 
light operation is required to control image 
smear. Second, an erase operation is included 
to reduce the residual image which is asso- 
ciated with the high-retention photoconductive 
surface required for slow- scan operation. 
A complete cycle of camera operation is 
shown in Figure 85. In operation, a command 
I 
Figure 82. Final Configuration of Sequencer Power 
Supply Assembly (3.631 Ibs., 12-inches long, 
1.25-inches high, 6-inches wide) 
from the Camera Sequencer actuates the shut- 
ter ,  and allows illumination from the scene 
to enter the camera. This illumination is fo- 
cused by the optics onto the photoconductive 
target. Photoconduction of the target, which has 
been uniformly charged prior to operation of 
the shutter, causes variations in the potential 
of the target on the surface facing the electron 
beam. Thus, the combined charges on the tar- 
get are an electrical representation of the 
scene image. Readout of the vidicon target is 
accomplished by sequential scanning with the 
electron beam. The scanning beam converts 
the target charges to an external signal cur- 
rent which is a function of the individual target 
potentials on the side facing the electron beam. 
The target material has a high-retention 
characteristic, and retains the charges at close 
to their o r i g i n a l  level until r e a d o u t  is 
completed. 
The “erase-prepare” portion of the operating 
cycle is required to eliminate the residual 
image remaining on the target after readout, 
and thus prevent carryover of picture infor- 
mation from frame-to-frame. The residual 
image is due to “photoconductor lag,’’ which 
is a function of the discharge rate of the target 
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Figure 85. Operating Cycle of Camera
charge through the path formed by the capaci-
tance of the target and the effective impedance
of the electron beam. The material used for
the photoconductive surface in the Ranger vidi-
con is antimony-sulphide oxy-sulphide (ASOS),
which is high in photosensitivity and has an
adequate storage constant for the scan rate
used. The ASOS exhibits a lag characteristic
which, if the "erase-prepare" cycle were
omitted, would require approximately six read-
out scans of a given target image to reduce
the signal to less than 5 percent of the first
readout. By the use of illumination from the
erase lamps, all portions of the photoconduc-
tive target are equally saturated with illumi-
nation and the residual image is essentially
obliterated.
The "prepare" scan follows the "erase" il-
lumination, and charges the vidicon target
capacitance to ready the target for the next
shuttered exposure of the scene. "Prepare"
scanning is more effective with multiple scans
than with a single raster scan. Therefore, the
"prepare" scanning of the F .3ameras was
programmed to complete a raster scan every
40 milliseconds during the prepare period.
However, performance of the P Cameras was
adeqate with a single raster "prepare"
SCan.
During the ' 'prepare" scan the photoconductive
target is charged to 80 percent of the total
capacity in about 0.5 second, and to 90percent
of total capacity in 2 seconds. The target is
not charged any closer to 100 percent because
an excessive amount of time wouldbe required.
Control of the frame-to-frame memory of
the photoconductor target by the foregoing
"erase-prepare" method can reduce the re-
sidual image to less than 1 percent.
The use of erase illumination to control the
residual image causes some increase in dark
current. This dark-current component, in addi-
tion to the dark-current c o m p o n e n t s from
storage factor, leakage, and the differences
between the electron-beam characteristics in
the "prepare" and "readout" operations, re-
sults in a total dark current that is primarily
a function of temperature and erase illumina-
tion. This dark current introduces an error in
the video black level. Theproblem is overcome
by the use of a dark-current reference mask
along one edge of the vidicon target. This mask
provides a target area portion that is not illum-
inated when the camera shutter exposes the
vidicon. This dark area serves as a reference
for video black.
The bandwidth of the vidicon target with its
associated circuit is nominally 7 to 10 kc, as
opposed to the 200-kc bandwidth requirement
imposed on the video channel by the specified
scan rates and resolution. Compensation for
this limited bandwidth i s accomplished by high-
frequency emphasis in the Camera Electronics
Assembly to provide a fiat video response
from 5 cps to 200 ke. A typical single horizontal
line of video from the camera, depicting a
black bar on a white field, is shown in
Figure 84.
3. Camera Electronics Assembly
a. GENERAL
A separate Camera Electronics Assembly is
provided for each camera. It comprises the
support circuits for operating the camera, and
for shaping and amplifying the video signal
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output from the camera.The CameraElec-
tronics Assemblyprovidesthefollowingfunc-
tions for thecamera:
• Compensation for target video bandwidth;
• Video amplification;
• Dark-level restoration;
• Video output;
• Deflection and blanking programming;
• Beam-current control;
• Deflection yoke drive;
• Focus-current regulation;
• Shutter drive;
• Erase illumination drive;
• Power for the vidicon and associated cir-
cuits; and
• Free-running mode for Camera Pl.
A functional block diagram of the Camera
Electronics Assembly is shown in
Figure 86.
d. DARK-LEVEL RESTORATION
The variation of the dark level of the vidicon
target signal is stabilized by altering the out-
put of the video amplifier to restore the dark
level to a uniform value. During the "read"
portion of the camera operating cycle, the
scanning beam reads under the dark-current
reference mask at the start of each active
line scan. The dark level is restored by utilizing
this dark-current reference sample to shift
the average level of the video signal from each
horizontal line by an amount that places the
portion of the video signal from the dark-
current mask at the same level for each line.
This dark level is established near one ex-
treme of the camera output dynamic range
and, therefore, any excess amplitude of the
dark-current portion of the video signal is
clipped. This technique permits maximum
utilization of the dynamic range of the
system for the image portion of the video
signal.
e. VIDEO OUTPUT
b. VIDEO COMPENSATION
Circuitry is provided to compensate for the
7- to 10-kc bandwidth of the camera, and to
produce a video response which is flat from
5 cps to more than 200 kc. The frequency re-
sponse curve of the uncompensated camera is
shown in Figure 87a; the response curve of
the compensating circuit is shown in b; and
the combined resultant is shown in c.
c. VIDEO AMPLIFICATION
A two-stage video amplifier follows the com-
pensating stage. Each stage of the video ampli-
fier has a bandwidth of approximately 400 kc.
The gain of the second stage is variable to
permit calibration of the video output. A block
diagram of the video amplifier is shown in
Figure 88.
The video output circuit consists of cascaded
emitter-followers which also provide the active
elements for the scan-line video clamping. A
functional diagram of the line clamp and video
output circuit is shown in Figure 89. The two
emitter-follower stages become part of a modi-
fied operational amplifier when clamp switch
Q10 conducts. The video output signal current
is sampled by utilizing a load resistance in
the collector of the output emitter-follower,
Q16. The feedback impedance, Zf, is variable
to provide a shift in the DC level. The DC level
of the output is set by adjusting Zf when the
clamp is active. The clamp switch, Q10, is
activated by the clamp drive decoder, CR7 and
CR8, which is turned on during horizontal read
scan start and during the vertical blanking
period at the beginning of each readout frame.
The video signal provided to coupling capacitor
C15 is highly attenuated while the clamp switch
is on.
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Figure 86. Functional Diagram of the Camera Electronics
Horizontal blanking is introduced by transistor
Q13 to suppress the dark-current portion of
the video. This switch overrides clamp switch
action due to vertical blanking. Horizontal line
clamping, however, is delayed by the differen-
tiator and is not coincident with horizontal
blanking.
f. DEFLECTION AND BLANKING PROGRAMMER
The various functions of the camera are syn-
chronized by the Camera Sequencer and are
modified by circuit buffers, which provide de-
flection commands, vidicon blanking, video
blanking and vidieon beam-current control.
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Figure 88. Block Diagram of the Video Amplifier
(1) Deflection Commands
The control ofvidicon electron-beam deflection
is the function of the deflection programmer.
The programmer serves as a buffer and de-
coder, which operate on the timing inputs to
provide the necessary voltage levels for op-
eration of the deflection amplifier. A functional
diagram of the programmer is shown in
Figure 90.
Deflection amplifier inputs provided by the
programmer are reset commands, centering
control, and size control. The reset commands
place the deflection amplifier in an amplifying
mode to accomplish flyback of the electron-
beam for the start of the next scan. Centering
control establishes the starting position of the
scan beam, and is provided by a variable re-
sistor divider with an external adjustment,
which is set to the precise voltage for raster
centering.
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Figure 89. Functional Diagram of the Line Clamp and Video Output Circuit
The amplitude of deflection from the start of
scan (or raster size) is proportional to time,
the constants of the deflection amplifier, and
the amplitude of the input voltage, Ein , from
the programmer. Raster size is controlled by
adjusting the input voltage, Ein ' from an ex-
ternal control in the deflection programmer.
The scanning procedures utilized for the F-
type and the P-type cameras are somewhat
similar. Both types utilize "erase-prepare"
and "read" rasters. The "erase-prepare"
raster is a bit larger to allow fordrift between
the two rasters. The P-scan horizontal and
vertical deflection, and the F-scan horizontal
deflection, are linear sawtooth functions in
the ' ' read' ' and in the ' ' erase-prepare' ' mode s.
The F-scan vertical deflection is a linear saw-
tooth function in the "read" mode, but in the
"erase-prepare" mode it is a unique sinusoidal
sweep function. The sinusoidal sweep operates
at a relatively high scanning rate to provide
a multiple-raster "erase-prepare" mode.
The sine-wave deflection is accomplished by
converting a portion of the deflection amplifier
95
FEEDBACK
ERASE
HORIZONTAL
SYNC
P ERASE-- FEEDBACK
ERASE
SWITCH
II, ERASE SWITCHING CONTROL
I ONE-SHOT
HORIZONTAL SYNC[
ERASE • HORIZ, SYNC HORIZONTAL
;=_ _'_ READSTOP
ERASEe HORIZSYNC HORIZONTAL
ERASE
STOP
1ERASEDCLEVEL
HORI ZONTAL
AMPLITUDE
SW I TCH
READ
DC
LEVEL
HORIZONTAL AMPLITUDE (EIN)
ADJUSTABLEDc i
CONTROL
LEVELS
-"" VERTICAL AMPLITUDE (E_N)
VERTICAL READ CENTERING
HORIZONTAL READ CENTERING
HORIZONTAL ERASE CENTERING
SHUTTER
PULSE _cSHUTTER PULSE
-"- VERTICAL READ RESET
Figure 90. Functional Diagram of the Deflection Programmer
to an oscillator. Control and switching of this
sine-wave sweep mode is accomplished by
means of "feedback" and "erase" commands
generated in the deflection programmer.
(2) Vidicon Blanking
Blanking of the vidicon during retrace is ac-
complished by switching the cathode potential.
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Thus, target current is cut off while the cathode
is at the positive level. The logic diagram for
vidieon blanking is shown in Figure 91.
VIDICON
HORIZONTAL SYNC _ CATHODE (r't)
FROM OUTPUT H_
OF ONE-SHOT
READ
ERASE H!. tReE)
=H!e(ReE)
Figure 91. Functional Diagram of the Vidicon Blanking
Circuit
(3) Vidicon Beam-Current Control
Beam current represents a small percentage
of vidieon accelerator electrode (G2) current;
therefore, the beam current is controlled by
regulating the G2 current. A voltage sample of
the G2 current, taken during the readout por-
tion of the operating cycle, is amplified and
peak detected. The sample is compared to a
reference voltage, and the difference signal is
used to adjust the control grid (G1) voltage
to obtain a constant beam current.
A functional diagram of the beam-current regu-
lator is shown in Figure 92. The frequency
response of the regulator is as low as 0.15 cps,
and the regulation is plus or minus0.Spereent
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Figure 92. Functional Diagram of the Vidicon Beam-Current Regulator
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for a change of 2 to 1 in the transconductance
of the vidicon. During the erase portion of the
operating cycle, the amplifier loop is open and
the G1 voltage is controlled by the preset value
of potentiometer R1.
g. DEFLECTIONYOKE DRIVE
The deflection amplifier receives control sig-
nals from the deflection programmer, and inte-
grates or amplifies these signals depending on
their function. The integrating mode provides
the sawtooth waveform for linear deflection;
the amplifying mode provides retrace flyback
and start-of-scan position (centering). A gen-
era] functional diagram of the deflection ampli-
fier is shown in Figure 93; adetailed functional
diagram is shown in Figure 94.
CO_LI
Z, ' _-'Lc _-E0
"r
Figure 93. General Functional Diagram of the Deflection
Amplifier
The deflection-yoke current sample, Eo, has
the approximate form:
which is a linear time function for sawtooth
generation. A more accurate value, which
shows centering (start of scan) and exact saw-
tooth shape is given by:
E o
[• I - exp AIA2Ri. C{
where the terms of the foregoing equations are
defined by Figure 94.
h. FOCUS-CURRENT REGULATION
A regulator circuit is provided to maintain
focus-coil current at a constant value with
changes in temperature and supply voltage. The
functional block diagram of the focus-current
regulator in Figure 95 illustrates the operation
of the circuit.
i. SHUTTER DRIVE
The motion of the shutter mustbe reversed for
each successive exposure. In order to accom-
plish this bilateral motion, the polarity of the
voltage applied to the electromagnetic actuator
of the shutter is reversed for each successive
stroke of the shutter. The shutter-drive logic
circuit to accomplish this operation is shown
in Figure 96.
The input control pulses, S, are counted and
gated to operate the power switches in pairs:
PS1 and PS2, or PS3 and PS4. Thistype of op-
eration reverses the drive current to the shut-
ter solenoid at each successive pulse. The
shutter solenoid is energized for the duration
of the pulse.
j. ERASE-LAMPS DRIVE
The lamp drive circuit of the Camera Elec-
tronics Assembly consists of a variable-drive
power amplifier, which switches power to the
erase lamps when triggered by a timing pulse
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Figure 95. Block Diagram of the Focus-Current Regulator
from the Camera Sequencer. A functional
block diagram of this circuit is shown in
Figure 97.
k. INVERTERS AND REGULATORS
The inverters of the Camera Electronics utilize
solid-state choppers, toroid transformers,
diode bridge rectifiers, and either LC or RC fil-
ters to convert a -27.5-voltDC inputto various
DC outputs. A block diagram of the inverters
and regulators is shown in Figure 98.
Two inverters are utilized for each camera. A
low-voltage unit supplies +6.3 and-6.3 volts
DC; a high-voltage unit supplies +27.5, +40,
+ 300, -150, and + 1000 volts, in addition to the
vidicon target supply of 0 to 50 volts DC. The
+300-volt and target-voltage sources are in-
dependently adjustable, and are set following
the adjustment of the 1000-volt supply. The
high-voltage inverter is stabilized by sampling
the 1000-volt output and feeding it back to the
input of the chopper via regulator circuits.
Low-current voltage regulators are utilized
for each camera to supply +20 and -20 volts
as secondary references for the focus-current
and high-voltage regulators, and for the de-
flection programmer.
I. FREE-RUNNING MODE FOR CAMERA P1
The free-running capability for Camera Pl is
provided by the addition of circuit elements
between the Camera Sequencer outputs and the
camera circuits. Under normal operation,
these elements respond to the inputs from the
Camera Sequencer and provide an output that
is similar to the input drive. When the input
signals are absent, because of abnormal op-
eration, the circuit elements continue to pro-
vide an output, which allows continued operation
of Camera Pl. The output drive signals syn-
thesized by the circuit elements are generally
of longer duration than the input signals from
the Camera Sequencer, since the pulses are
formed by self-timed drive multivibrators.
4. Video Combiner
o. GENERAL
A Video Combiner is included to provide a
common signal channel for the cameras of
each section (F or P), and to modify the raw
video signals by the addition of synchronizing
pulses and the introduction of the communica-
tion preemphasis function. The operation of
the cameras is phased by the Camera Se-
quencer, and the output composite video from
each section is a time-shared continuous flow
of video signals from all of the cameras in
that section. The composite video for the F-
Camera section includes a 144-kc tone burst
to identify Camera F b. This tone is generated
in the Video Combiner.
The basic functional units of the Video Com-
biner are video gates, an operational amplifier
and a limiter. A functional diagram of the Video
Combiner is shown in Figure 99.
b. VIDEO GATE
The video gates used in the Video Combiner
are of the diode bridge type. The diodes are
driven to conduction when the video signal is
to be passed, and are cut off when the video
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Drive Circuit
signal is to be inhibited. The video gate slightly
attenuates the video, since the diode conduc-
tion impedance is loaded by the bridge drive
circuitry. The sync pulse tip level is deter-
mined when none of the video gates are con-
ducting. It is independent of the signal input
to the Video Combiner.
c. VIDEO AMPLIFIER
The amplifier of the Video Combiner restores
the low-impedance video level, which is in-
creased by video gating, and adds high-
frequency preemphasis to improve the
signal-to-noise ratio of the video signal for
transmission purposes. A functional diagram
of the video amplifier is shown in Figure 100.
The components of Zin and Zfwere selected,
as shown in Figure 101, to yield the frequency
and phase characteristics shown in
Figure 102.
d. LIMITERS
The limiter at the video amplifier output
sharply attenuates the composite video level
that is beyond a preset level.
e. VIDEO COMBINER POWER
The P- and F-Channels of the Video Combiner
receive DC power from separate sources. Each
channel receives 6.3 volts DC from two cam-
eras in that channel. The Video Combiner cir-
cuits will continue to operate even if the power
source from one of the cameras should fail.
5. Camera Sequencer
o. GENERAL
The Camera Sequencer contains the master
synchronizing reference and the pulse shapers
for driving the Camera Electronics Assem-
blies and the Video Combiner. It supplies
separate timing commands to the F- and P-
Channels of the TV Subsystem. These timing
commands provide:
• Sequencing of camera operation;
• Synchronized operation of the cameras
and Video Combiner for the generation
of composite video; and
• A delayed command for placing the trans-
mitters in full-power operation following
a warm-up period.
A general functional diagram of the Camera
Sequencer is shown in Figure 103. The major
portions of the Camera Sequencer are de-
scribed in the following paragraphs.
b. MASTER CLOCK
The master clock is a free-running crystal-
controlled oscillator which operates at a
nominal frequency of 18.000 kc.
C. TIME-DIVISION COUNTERS
These counters are standard binary counters,
as shown by the logic diagram in Figure 104.
In some instances this 2-to-1 counter is com-
bined with a grouping of elements that, as a
unit, count to some nonbinary ratio such as
3-to-1 or 21-to-1. The use of these nonbinary
ratios was necessary to generate the specified
timing and waveform repetition rate.
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Figure 98. Black Diagram of the Inverters and Regulators
d. LOGIC DECODERS
The timing functions are derived by triggering
the time-division counters with pulses from
the 18-kc master clock, and by applying the
appropriate states of the counter elements to
decoder gates.
The logic diagram of a decoder gate is shown
in Figure 105. In the logic system used in the
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of the Video Combiner
Figure 101. Components of Zin and Zf
Camera Sequencer, the more positive level
(greater than + 6 volts) is false, and the level
between + 1 and 0 volt is true. In the decoder
gate shown in Figure 105, the output, D, is true
only when inputs A, B, and C are false, and:
D = AeBeC
Therefore, D is false when any input A,
C is true, and:
= A+B+C
Thus:
D = A+B+C = 7_ . § .
which is the standard NOR gate.
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Figure 105. Logic Gate
The rules for simplifying logic paths were
followed in developing the path combinations
for each set of output pulses. An example of
this method is the generation of the horizontal
sync pulses shown inFigure 106.The required
characteristics of the time-division functions
to generate the pulses are shown in Table 16,
and the allowable states of flip-flops A, B, C,
and D are shown in Table 17. The horizontal
sync pulses can be represented by the logical
function B + C + D, and are synthesized by
combining the levels of the flip-flop states in
a NOR gate, as shownin Figures 107 and 108, to
derive the inverted sync pulses represented
by the logic function B C D. The function
B C D is true for 111out of 666 microseconds.
The desired function, I_ + C + D, is derived
by an inverting gate, as shown in Figure 109.
All of the other functions of the Camera Se-
quencer are derived in a similar manner.
e. POWER SUPPLY
The Camera Sequencer Power Supplyprovides
separate power for the F- and P-Channels of
the Camera Sequencer. A block diagram of the
power supply is shown in Figure 110. The
power supply converts -27.5 volts DC to-12
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volts DC by means of a series regulator, and
to + 12 volts DC by means of an inverter, bridge
rectifier, filter and regulator.
f. FULL-POWER COMMAND FUNCTION
This function turns on the plate power to the
transmitters after an 80-second warm-up pe-
riod. The Camera Sequencer circuits asso-
ciated with this function are an automatic
TABLE 16
CHARACTERISTICS OF THE TIME-DIVISION FUNCTIONS
Element Count Ratio Period Frequency
(_ sec) (kc)
Master clock
Flip-flop A
Flip-flop B
Flip-flop D
2:1
3:1
2:1
55.6
111
333
666
18
9
3
1.5
TABLE 17
ALLOWABLE STATES OF FLIP-FLOPS A, B, C and D
Flip-Flop State Matrix
A
B
C
C
fi
D
BCD
0 1 0 1 0 1 0 1 0 1 0 1
0 1 1 0 0 1 0 1 1 0 0 1
0 0 0 1 1 1 0 0 0 1 1 1
1 1 1 0 0 0 1 1 1 0 0 0
0 0 0 0 0 0 1 1 1 1 1 1
1 1 1 1 1 1 0 0 0 0 0 0
0 1 1 0 0 0 0 0 0 0 0 0
107
1 J I Icl
01 I I
-L__JBCD
I I I I
I I
Figure 107. Logic Function Levels Used to Derive the
Inverted Horizontal Sync Pulses
B+C+D : B.C'D
n
Figure 108. NOR Gate Synthesis of BCD
reset generator and a full-power command
storage circuit.
(1) Automatic Reset Generator
This circuit resets the time-division flip-flops
of the 80-second timer. The circuit senses
the turn-on of power at the input bus, and
generates a signal only after the bus has been
deenergized. The generated pulse is shaped
and then used to re set the time-division
flip-flops.
(2) Full-Power Command Storage Circuit
The logic diagram for this circuit is shown in
Figure 111. As indicated in the diagram, the
full-power command is true only after the de-
lay period has expired and MR {manual inhibit}
is not true. "Manual inhibit" is a test function
and is not used in flight operations. The logical
functioning of the full-power command is al-
ways coincident with the start of readout of
Camera F b in the F-Camera set, and with the
start of readout of Camera P4 in the P-Camera
set.
B_D P>,
._ _ _
B C.D = §+ C + D
Figure 109. Derivation of B -I- C + D
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Figure 110. Functional Diagram of Camera Sequencer
Power Supply Figure 111. Full-Power Command Storage Logic
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Section II
Telecommunications Group
A. PROPOSED DESIGN
1. General
The Telecommunications Group of the Ranger
TV Subsystem was designed primarily to es-
tablish reliable communication of the acquired
mission data from the spacecraft to the Earth-
based receiving station at Goldstone, Cali-
fornia. Based on the initial mission plan of the
Ranger lunar-probe program, three major
categories of information were to be generated
in the TV Subsystem: television data of the
lunar surface; engineering telemetry data of
the TV Subsystem; and scientific telemetry
data of on-board experiments.
The video data of the lunar surface were to be
considered the principal information to be
obtained. The engineering telemetry data,
although secondary in importance to the video
information, were to be acquired under the most
adverse conditions, even in the event of a loss
of video transmission, so that the status of the
TV Subsystem could be determined. Thus,
telemetry transmission exerted a strong in-
fluence on the design philosophy of the com-
munications equipment.
In selecting the design best suited to satisfy
the mission requirements, the following con-
siderations were employed as design guide-
lines:
• Degradation to the generated video sig-
nals due to communications equipment
must be negligible;
• Design should be such that maximum
advantage is taken of available qualified
equipment; and
• The availability of a communications
channel on the spacecraft Bus offers
flexibility in planning for telemetry re-
quirements throughout the mission.
2. Design Philosophy
a. VIDEO TRANSMISSION
The frequency band selected for transmission
of video information during the Ranger mission
was 960 Mc; this frequency was chosen on the
basis of ground receiver availability at the
DSIF tracking station located at Goldstone,
California. The available bandwidth at this
frequency would be 1.6 Mc. If the spacecraft
beacon transmitter remained operational dur-
ing transmission of video information, the
bandwidth would be reduced to 1.2 Mc, provid-
ing the resulting overlap of spectra could be
tolerated by beth systems.
A video baseband frequency of 400 kc was
chosen and frequency modulation (FM) was
selected as the modulation technique. With
the video baseband chosen and the antennas
(spacecraft and ground} and receiver defined,
the power required for transmission of video
information was 60 watts. Since the Trans-
mitter was the critical component in the
communications link and had to operate under
stress conditions at a 60-watt level, a second
Transmitter was included in the telecommuni-
cations design as a backup unit. The spare
Transmitter could be switched into operation,
if the analysis of video information andtelem-
etry received from the primary Transmitter
deemed such action necessary.
The video signals from the six television
cameras would be time-multiplexed into the
modulator circuit of the Transmitter under
control of a camera-sequencer unit. The failure
of one camera would not affect the operation
of the other cameras or the modulator circuit.
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An alternate philosophy of operation considered
would employ both the primary and backup
Transmitters simultaneously, with the outputs
frequency-multiplexed into the two halves of the
available frequency band. Such a design would
eliminate the need for switching, but the prob-
lems of coupling the outputs of the two trans-
mitters at the RF feed to the transmitting
antenna and the additional heat generated by
the operation of a second transmitter were
considered too detrimental to the reliability of
the transmitters and batteries to be recom-
mended at that time. The switched-in trans-
mitter mode was therefore selected as the
proposed design approach; switching would be
accomplished on the RF feed lines without the
3-db loss to each transmitter that would result
if both transmitters operated simultaneously
b. TELEMETRYTRANSMISSION
Three modes of operation were initially pro-
posed for the transmission of engineering and
scientific telemetry data. These were:
• Use of spacecraft Bus data encoder and
3-watt Transmitter;
• Telemetry frequency-multiplexed with
video signal and transmitted over the
60-watt Transmitter; and
- Emergency transmission over the 60-
watt Transmitter.
The spacecraft data encoder and 3-watt Trans-
mitter would be employed for the transmission
of the telemetry data during the cruise-mode
phase of the mission when the 60-watt Trans-
mitter was inoperative. During the terminal
phase of the mission, telemetry transmission
would be over the 60-watt Transmitter and
the telemetry data would be frequency-
multiplexed as a subcarrier to the transmitted
video signal. The third case would apply only
if the high-gain (directional) antenna failed for
any reason to acquire the Earth and maintain
lock.
Cruise-mode telemetry data would consist of
six diagnostic engineering parameters {such
as temperature, voltage, and current} and data
from scientific instruments sampled at a slow
rate and applied to a subcarrier oscillator for
transmission over the low-power spacecraft
Bus Transmitter.
During terminal mode, the engineering pa-
rameters would be subcommutated and time-
multiplexed with the scientific information. The
resulting signal would then be encoded by
pulse-duration modulation (PDM} to maintain
accuracy and linearity, and would modulate a
subcarrier oscillator, whose frequency (450
kc) is just above the edge of the video base-
band. The output of the oscillator would then
be combined with the video signal at the input
to the modulator circuit of the 60-watt Trans-
mitter. The 450-kc baseband signal so formed
would then be transmitted using the 19-dbgain
of the directional antenna.
In the event of an emergency mode of operation,
the nondirectional portion of the directional
antenna would be used for transmission of
telemetry. The received signal in the emer-
gency mode would be approximately 30 db
less than during normal terminal-mode opera-
tion; however, the deficit would be regained by
restricting the signal baseband to 450 cps by
the exclusion of video and scientific data
transmission and directly modulating the 60-
watt Transmitter with engineering data at a
rate of one point per second.
3. Proposed Communications Design
The proposed communications design for the
transmission of the multiplexed camera out-
puts and of telemetry for scientific experi-
ments and engineering parameters was guided
by the consideration of reliability and minimum
effect on the spacecraft Bus. The proposed
communications section of the TV Subsystem
employed a 60-watt FM, L-band Transmitter
for transmitting the video information in a base
ii0
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bandwidth of 375 kc, with telemetry informa-
tion contained on a 450-kc subcarrier. Backup
modes were provided so that in the event of
failure of any single equipment, an alternate
path could be commanded into operation from
the ground for both the telemetry and TV links,
In the event of high-gain antenna misorienta-
tion, a low-bandwidth telemetry channel was
provided so that the operational status of the
equipment could be ascertained even though
TV reception might not be possible. Interfer-
ence with the 960-Mc beacon Transmitter on
the spacecraft, while operating within the 959-
to 961-Mc band, would be avoided by turning
off the tracking function during the terminal
mode. The center frequency of the TV/telem-
etry Transmitter would be 960 Mc with sym-
metrical sidebands.
An alternate method of operation would be to
leave the beacon Transmitter on and center
the TV/telemetry carrier signal at 959.683 Mc.
With this arrangement, some degradation of
both the tracking and TV transmitters would
occur, although not seriously in either case.
A third approach would employ the backup
60-watt Transmitter operating in conjunction
with the main transmitter. One transmitter
would be centered at 959.5 Mc and transmit
the outputs of three cameras. The other would
be centered at 960.5 Mc and transmit the
outputs of the remaining three cameras with
no resulting interference with the tracking
function. In a given time, approximately the
same amount of picture information could be
transmitted at a higher signal-to-noise ratio.
The mode of transmission proposed was to
turn off the beacon Transmitter during the
terminal phase of the mission. The design for
this mode of transmission is presented in
Figure ll2.During cruise mode, scientific and
engineering telemetry data are sampled by
commutator C1 and transmission is accomp-
lished through the 3-watt Transmitter on the
spacecraft Bus. In the TV Subsystem, only
crystal ovens, battery heater, telemetry com-
mutators, and scientific experiments would
operate during this phase. Since cruise mode
is of rather long duration, the data-sampling
rate during this interval would be on the order
of once each one and one-half minutes to limit
the amount of data to be reduced. Engineering
information during cruise mode would be
limited to three structural temperatures, a
battery temperature, battery voltage, and the
TV ON command pulse.
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At terminal mode, the main 60-watt TV Trans-
mitter and all the cameras would be activated,
and video would be transmitted on a baseband
frequency of 375 kc. PDM telemetry data
would be frequency-shift-keyed {FSK} on a
450-kc subcarrier. The telemetry would be
sampled at a faster rate during terminal mode
{one frame each 0.8 second} and have a sub-
commutator {C4) containing all engineering
data to completely determine fault location if
necessary. The engineering-data frame time
would be 72 seconds. The unused transmitter
would have a short placed one-quarter wave-
length from the signal path introducing a
negligible loss due to the unused Power
Amplifier Assembly.
In the event of a transmitter failure, the
alternate transmitter would be energized and
normal operation would then ensue. If the high-
gain antenna failed to track, emergency opera-
tion could be obtained by reducing the data
rate and using the back lobes of the high-gain
antenna for transmission. To accomplish this,
switch S1 must be commanded from the ground.
In the event that a failure in the TV Subsystem
resulted in a loss of transmission, switch $2
may be commanded to commutator C2, and
engineering data transmitted through the 3-watt
tracking Transmitter to determine the cause
of the malfunction.
In the event that a clear channel centered at
960 Mc could not be provided, several alter-
nates were proposed. An alternate design was
considered, in which operation was similar to
that shown in Figure 112, except for the center
frequency of the video Transmitter was dis-
placed downward from 960 Mc. The power
density of the FM sideband would be low enough
to avoid interference with the tracking function.
The beacon signal might result in a fine inter-
ference pattern on the TV display, but would
be insignificant. In case of antenna mistracking,
telemetry could be obtained by actuation of
switch $1.
Figure 113 shows a second alternate design.
The function of the telemetry commutators
was the same as in the previous methods;
however, one-half of the TV cameras would
be associated with each 60-watt Transmitter.
The video baseband to each transmitter is
reduced by one-half so that real-time video
transmission occurs at the same rate as
previously. Telemetry is imposed on a 250-kc
subcarrier on each transmitter so that in event
of the failure of one transmitter, telemetry
80SCIENTIFIC I _ SPACECRAFTBUS _ RECEWER J ,
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Figure 113. Alternate Communications Design No. 2
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information will not be lost. This method had
the advantage that no ground command was
necessary to continue operation if a malfunction
occurred. Obviously, one-half of the video in-
formation would be lost in the event of a
transmitter failure. Backup transmission of
telemetry data at the low sampling rate is
provided through switch S1 and the three-watt
beacon Transmitter in this design.
4. RF Link Considerations
Based on extensive study at RCA and on
experience and data derived from other suc-
cessful space programs, the style of modula-
tion best suited for transmission of television
data from a space vehicle was frequency
modulation (see Volume 2, Section II). Fre-
quency modulation (FM) required the least
transmitter power (exclusive of feedback FM
which was disregarded because of lack of
proven design}. The highly refined state of the
art for frequency modulation and the availa-
bility of qualified equipment employing FM
made this choice of modulation technique ideal
for application to the Ranger TV Subsystem.
With the selection of frequency modulation, the
use of video preemphasis offered substantial
advantages in transmission. The major spec-
tral energy of a video signal is associated
with the line repetition rate (1875 cps in the
proposed Ranger TV Subsystem} and its har-
monics. Since the spectral energy in the top
portion of the video baseband (associated with
the limiting definition in the system} was
actually very small, the video signal could be
preemphasized before transmission and not
substantially increase the basic frequency-
deviation requirement in the FM system.
Preemphasis has a differentiating property
which imposes short spikes on the leading and
trailing edges of the video-signal pulses and
emphasizes the high-frequency component of
the video waveform.
The deviation can be held to the value obtained
with no preemphasis, and the high-frequency
component of the preemphasized picture would
not be degraded by transmission, which would
impair the quality of the demodulated picture
if preemphasis was not employed. The specific
preemphasis curve employed for the commu-
nications design is shown in Figure 114.
..J ODB
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J
W
jc¢_
I,- -12DB
0003 0.03 0.3 3 30 300
FREQUENCY (KC)
Figure 1 14. Video Preemphasis Curve
In designing the FM linkfor video transmission
from the Ranger TV Subsystem, a minimum
acceptable performance specification had to be
established. The system was then designed so
that this performance requirement was lust
obtained at the threshold level of the ground
receiver. It was established that the minimum
video signal-to-noise ratio (peak-to-peak
video, without sync, to rms noise} required at
FM receiver threshold level to obtain good-
quality pictures from single-frame photo-
graphs of rasters is 30 db for FM (triangular}
noise. The 30-db figure for triangular noise
was therefore used as the specification for the
design of the RF communications equipment.
Assuming the foregoing performance specifi-
cation, style of modulation, and the use of
preemphasis, the FM system parameters could
then be established. The relationship between
the intermediate-frequency (IF) carrier-to-
noise ratio (C/N) and baseband rms-to-rms,
signal-to-noise ratio (S/N) in an FM system
is expressed by:
(47)
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where S/N and C/N are voltage ratios, and the
deviation ratio (M) is expressed by
AF
M-
fo
where,
h F is the frequency deviation,
fo is the highest baseband frequency, and
BW is the intermediate-frequency band-
width.
To convert the peak-to-peak signal-to-rms-
noise ratio {30 db) to the rms-to-rms value,
6 db is added for changing to peak value, and
3 db for changing to rms value. Another 6.6 db
is added for the improvement obtained by video
preemphasis. Thus, the required minimum rms
signal-to-noise ratio is 14.4 db. Assuming
an FM receiver threshold of 12 db (a pessi-
mistic assumption for narrowband receivers},
the communications system would have
(0.3)) .S = _ (-0-.375) 12 (-0_.375)(4)
rm$
= 16.0 db
Thus, the performance objective of a video
signal-to-noise ratio of 30 db would be ex-
ceeded by approximately 1.6 db in the pro-
posed design.
a. WIDEBAND RF EQUIPMENT PERFORMANCE
Once the ground- receiver bandwidth and
threshold requirements were established, the
remainder of the Subsystem-to-ground RF link
could be designed. Table 18 depicts the com-
munications design parameters, listing both
the nominal values with the performance
margin accrued, and the tolerance approach
with the sum of the pessimistic tolerances
being the required minimum performance
limit.
Assuming all quantities are at design center,
there would be 6.2 db of margin (above
ground-receiving-equipment threshold} in the
TV Subsystem communications equipment. The
nominal anticipated video signal-to-noise ratio
would then be approximately 37.8 db. Assuming
the maximum pessimistic tolerances, the com-
munications equipment would still have a 2.5
db margin and a video signal-to-noise ratio of
34.1 db.
b. TELEMETRY PERFORMANCE REQUIREMENTS
In order to have a high assurance that the
telemetry data transmitted on a 450-kc sub-
carrier baseband frequency will produce
meaningful information at the receiver, the
required peak-to-rms signal-to-noise ratio of
the detected subcarrier must exceed 45 db.
The proposed ground equipment required for
detection of the telemetry subcarrier is shown
in Figure 115. The carrier modulation re-
quired to generate a sufficient carrier-to-
noise ratio for subcarrier detection (above a
receiver threshold of 12 db) is determined
from:
(48)
where
D
BW
b
C/N
S/N
is carrier deviation;
is carrier IF passband frequency;
is bandwidth of the subcarrier filter;
is receiver IF carrier-to-noise ratio
(=12 db}
is the detected output signal-to-noise
ratio of the carrier (=12 db}
For FM spectrum generation and low non-
linear distortion of the subcarrier signal, the
value of the bandwidth of the subcarrier filter
is derived as
b = 2(1 + hi) fo (49)
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TABLE 18
PROPOSED SYSTEM PERFORMANCE PARAMETERS
Parameter
203.9 db
-44.7 db
-19.0 db
2.0db
0db
Transmitter Power (60 watts)
Losses
Free space (240, 000 statute miles)
Ground Antenna
Space Vehicle Antenna
Vehicle RF Losses
Polarization Loss
O. 3 dbAntenna Pointing Loss
142.5 dbTotals
Received Signal
Equivalent Noise Input (235 ° K in 1.6 Mc)
Receiver Carrier-to-Noise Ratio
Margin Above Min. Receiver C/N (=12 db)
Sum of Tolerances
Margin Above Maximum Pessimistic Tolerance
Nominal
Value
+17.8 dbw
-124.7 dbw
-142.9 dbw
18.2 db
6.2 db
2.5 db
Tolerance
• 0.9 db
_:1.0 db
+0.5 db
±0.5 db
+0.2 db
-0.0 db
+0.3 db
-0.1 db
• 0.5 db
±3.7 db
where
M
f
a
is the deviation ratio; and
is the highest modulating signal fre-
quency.
The modulating signal frequency was assumed
as 450 cps, based on the use of a post-
detection filter of a PDM-FM standard 30-ke
subcarrier. Using the typical telemetry value
of 5 for M, b is 5400 cps.
The standard IRIG 30-kc channel bandpass
frequency of 4500 cps was used. The use of
standard telemetry components requires the
inclusion of a mixer to shift the 30-kc signal
to a center frequency of 450 kc. In employing
this mixer, an additional 1 kc of bandwidth
is assigned to the 450-kc bandpass filter to
compensate for component and oscillator drift.
The bandwidth, b, is then 5500 cps. The output
signal-to-noise ratio would be due to FM and
PDM improvements. The FM signal-to-noise
ratio at the subcarrier detector would be
= 37.8 db
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Figure 115. Receiver Configuration Using Standard IRIG Telemetry Modules
The PDM noise improvement factor would be
12.4 db for a standard 90-point telemetry
commutator sampled at the rate of 1.25 points
per second and a standard 30-kc IRIG Channel.
The total output signal-to-noise ratio would
then be 50.2 db, or a margin of 5. 2 db in excess
of the required 45-db minimum performance
value.
The deviation, D, can then be determined from
equation 48, and is 32.5 kc. Figure 116 shows
the proposed spectrum allocations for the
transmitted RF signal.
B. INITIAL TELECOMMUNICATIONS
DESIGN AND DEVELOPMENT
1. General
The initial design of the telecommunications
equipment for the transmission of video and
telemetry information was primarily based on
the alternate proposed configuration shown in
Figure 113. Figure 117 is a detailed block
diagram of the initial configuration of the
Telecommunications Group of the TV Subsys-
tem. The block diagram indicates the source
of the video and telemetry inputs, together
with the frequency and voltage levels; the
PEAK TV DEVIATION - 310 KC
PEAK DATA S.C DEVIATION - 3:> 5 KC
PEAK CARRIER DEVIATION -- 34:>.5 KC
I
959 MC
t,585 MC "J
-1
e. 342 5 KC-,I,
PEAK t
CARRIER CARRIER |t
DEVIATION
I
960 MC !1135 MC _ : :
RECORDED SIGNAL
I
961 MC
RECORDER
VESTIGAL
LOSS
Figure 116. RF Spectrum, Without 960-Mc Bus
Transmitter
interconnection of the individual subassem-
blies; the derivation of the diagnostic telem-
etry; the regulated and unregulated operating
voltages; and the RF power level and fre-
quency at the output of each assembly.
The Telecommunications Group was designed
to make optimum use of a 2-Mc bandwidth
allocation centered at 960.05 Mc, within which
a 180-kc channel, centered at 960.05 Mc, was
allocated for operation of the spacecraft beacon
Transmitter. The design employed two 60-
watt Transmitters operating simultaneously.
Channel A Transmitter operated at a center
frequency of 959.52 Mc and transmitted the
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video outputs of the two full-scan cameras on
a time-shared basis. Channel B Transmitter
operated at a center frequency of 960.58 Mc
and transmitted the video outputs of the four
partial-scan cameras on a time-shared basis.
Provisions were also incorporated for the
simultaneous transmission of partial-scan
video data over both transmitters during the
final minute of terminal-mode operation. This
operational mode was provided because the
four partial-scan cameras were designed to
obtain the higher-resolution pictures andthese
pictures were considered to be the more im-
portant to the total lunar-exploration mission.
The frequency spectrum for the telecommuni-
cations equipment is shown in Figure 118.
Proper isolation was provided to ensure that
the operation of the two 60-watt Transmitters
would not interfere with the operation of the
3-watt beacon Transmitter. Also, care had to
be exercised to ensure that the video trans-
mitters did not transmitfrequencies exceeding
961.05 Mc nor less than 959.05 Mc. The out-
puts of the two transmitters were coupled to
the spacecraft high-gain antenna, together with
the output of the 3-watt beacon Transmitter.
CHANNEL A CHANNEL B
TRANSMITTER TRANSMIT TER
SPACECRAFT
BEACON
TRANSMITTER
r 7
I I
959.05 MC 959.52MC 960.05 MC 960.5B MC 961o05 MC
I"-laoKc
Figure 118. Spacecraft Frequency Allocations
2. Functional Description and Operation
The initial configuration Telecommunications
Group consisted of two similar transmitting
channels designated Channel A and Channel B,
which operated independently, and an RF-
combining section for mixing the outputs of the
Power Amplifiers into a common lead to the
spacecraft Bus for transmission over the high-
gain antenna.
Each channel consisted of an L-band FM
Transmitter Assembly, a 60-watt Power Am-
plifier, a Telemetry Processor, and a Trans-
mitter Power Supply. In the RF section, a
Four-Port Hybrid Ring was used to mix the
outputs of the transmitting channels and feed
the combined output into the spacecraft antenna
system. A Dummy Load Assembly was usedto
dis sipate the combining los s es of the Four - Port
Hybrid Ring.
The Transmitter Assembly within each trans-
mitting channel consisted of a solid-state,
crystal-stabilized 20-Mc modulator, a solid-
state X12 frequency multiplier, a X4 varactor
frequency multiplier, and an Intermediate
Power Amplifier (IPA). The IPA output, nomi-
nally 6 to 8 watts at the transmit frequency,
was used to drive the 60-watt Power Amplifier
Assembly.
The two transmitting channels were designed to
operate in the assigned frequency band of
960.05 _1 Mc, with the nominal center fre-
quency of each channel being 0.53 Me above
and below the 960.05 Mc; thus, Channel A was
centered at 959.52 Me, while Channel B was
centered at 960.58 Mc. Each communications
channel was identical, except for the center
frequency, and could transmit full- or partial-
scan video with 225-kc telemetry or emer-
gency telemetry data; switching between the
various modes of operation was accomplished
by external command. In operation, the full-
scan video data were transmitted over Channel
A, and the partial-scan video data transmitted
over Channel B. During the final minute of
terminal-mode operation, the full-scan video
was removed from the Channel A Transmitter,
and partial-scan video information was trans-
mitted simultaneously over both Channel A and
Channel B.
As shown in Figure 119, cruise-mode and
terminal-mode telemetry data were trans-
mitted by means of a modified IRIG Channel-8
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Figure 119. Telemetry Equipment Block Diagram
(15-point data) and a 225-kcvoltage-controlled
oscillator (VCO) (90-point data), respectively.
In the event of a drop in power output in both
transmitter chains or the loss of spacecraft
orientation, the telemetry data could be trans-
mitted by an emergency mode of operation. In
this mode, the video signals were switched
out and the output of the 90-point telemetry
commutator was used to frequency-modulate
the transmitter directly. This mode of opera-
tion was designed to recover data 40 db below
the normal signal level. In normal operation,
partial- or full-scan video, 225-kc telemetry,
and emergency telemetry data were fed simul-
taneously into the modulator. The video band
contained frequencies from DC to 200 kc; the
terminal telemetry operation was in the band
from 220 to 230 kc so thatitcould be frequency-
multiplexed with the video during terminal-
mode operation. The video was preemphasized
so that the low-frequency peak deviation (line
frequency) was 150 kc, and the high-frequency
peak deviation was approximately 200 kc. The
225-kc subcarrier modulated the Transmitter
to give an additional peak deviation of 30 kc.
Upon receipt of the emergency command, the
video and 225-kc telemetry signals were re-
moved from the modulator and only emergency
telemetry data deviated the carrier signal of
the Transmitter. The peak-to-peak emergency
deviation was 1 kc, while the data rate was 3
cps. This reduction in deviation and the very-
low modulation rate permitted the use of a
phase-lock receiver at the DSIF ground station,
which allowed telemetry recovery at a 40-db
reduction in received-carrier power.
The interface connecting the cruise-mode
(15-point) telemetry circuit in the TV Subsys-
tem to the transponder in the spacecraft Bus
consisted of a twisted pair, shielded, jacketed
cable from the TV Subsystem to the data en-
coder interface connectors of the spacecraft
Bus.
3. Derivation of Communications
Parameters
Based on the original design concept shown in
Figure 117, the derivations of the carrier-to-
noise ratio (C/N) and signal-to-noise ratios
(S/N) required for proper transmission and
reception of the video and telemetry informa-
tion generated in the TV Subsystem are
presented in the following paragraphs.
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TABLE 19
SUMMARY OF CARRIER-TO-NOISE RATIO CALCULATIONS
Nominal
Parameter Value
+iS. 34 dbwTransmitter Power (60 watts)
Spacecraft
a. TV Subsystem
b. Spacecraft Bus
Spacecraft Antenna Gain
Antenna Pointing Loss
Polarization Loss
Space Path Loss
Receiving Antenna Gain
Receiving Antenna Loss
Total Power Received
System Noise Temperature
(including Moon}
Receiver Noise Bandwidth
-3.6 db
-1.7 db
+18. i db
-O.3 db
-0.14 db
-204.2 db
+45.5 db
-0.4 db
-128.4 dbw
104 ° K
1 Mc
Tolerance
±0.5
*0.5
+0.1
-0.3
±0.1
+0.5
±0.1
•19° K
±100 kc
Source
Calculated for 60 watts
(minimum transmitter
power)
RCA
Ranger VIII,-IX
Spacecraft
Ranger VIII, qX
Spacecraft
JPL
JPL
Calculated for 240,000
miles, 960 Mc
JPL
JPL
JPL
RCA
Receiver Noise Power
Carrier-to-Noise Ratio
Margin Above Receiver
Threshold (worst case)
-148.41 dbw
20.0 db
4.2db
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a. CARRIER-TO-NOISE RATIO
Calculation of the carrier-to-noise ratio (C/N)
was based upon the use of two 60-watt trans-
mitters and a single Four-Port Hybrid com-
biner in the TV Subsystem and a maser
receiver at the ground station. The results are
summarized in Table 19.
b. VIDEO SIGNAL-TO-NOISE RATIO
Calculation of signal-to-noise ratio (S/N) was
based on a receiver-threshold carrier-to-
noise ratio of 12 db, a peak frequency deviation
of 200 kc for the video signal, and the use of a
185-kc video baseband filter. The IF bandwidth
is i Mc. A peak-to-peak signal-to-rms noise
ratio of 30 db was used as the criterion of a
good picture. The S/N ratio at the output of the
demodulator is:
,/3- (51i
where,
S/N is signal-to-noise ratio,
C/N is carrier-to-noise ratio,
Af is peak frequency deviation,
f is the frequency of the fundamental
component,
BWIF is IF bandwidth, and
BW b is bandwidth of the baseband filter.
Therefore,
A = w- [2oo ../lOOO  3.98)
N \185kc)  135kc>
= 11.6, or 21.3 db
Converting from an rms ratio to a peak-to-
peak signal (Spp)-to-rms noise (Nrm s) ratio,
gives:
S
PP - 21.3 + 9 = 30.3 db
grin s
With a worst-case carrier-to-noise margin of
4.2 db, the picture quality is 34.5 db, which
exceeds the 30-db picture criterion by 4.5 db.
An alternate approach was to use preemphasis
to provide the required video signal-to-noise
level witha reducedIF bandwidth. Preemphasis
attenuates the line frequency by 12 db but this
is followed by a fiat 6-db gain, so that the
effective peak deviation is 100 kc. The re-
quired IF bandwidth is reduced by 200 kc.
This reduced bandwidth provides more adjacent
channel rejection and thus reduces the effects
of erosstalk between channels. The use of
preemphasis in this manner was found to give
an effective improvement of 6.6 db. At a
receiver threshold carrier-to-noise level of
12 db,
I( (100 kc) ¢/3/(800 kc) 1Spp - 20 log 3.98) (185 kc) (185 kc)I_lrm s
= 13.5+9+6.6=29.1db
However, the threshold of this system is 1.1
db lower than the 1-Mc bandwidth system.
Therefore, for the same received signal power
as the 1-Me bandwidth system, at threshold,
the peak-to-peak signal-to-rms noise ratio
was 30.2 db.
The net result was that the use ofpreemphasis
provided a lower threshold and less erosstalk
between channels.
c. TERMINAL-MODE TELEMETRY
Since the telemetry is a PAM/FM/FM* system,
two FM threshold points must be considered.
The first is the C/N ratio into the first
demodulator, discussed in paragraph a above.
The subcarrier signal-to-nois e ratio (S _JN __)
ratio is given by:
*PAM/FM/FM: Pulse amplitude modulated/frequency mod-
ulated/frequency modulated.
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where
C
_- is 12 db,
f
s_ is 225 kc,
Af is 35 kc,
BWIF is 1 MC, and
BW is 10 kc
then,
5sc (35kc) a 1/l_ kc
= 4.15 or 12.3 db.
(3.98)
The PAM signal out of the second demodulator
has a SIN ratio as determined by:
A¢ ./5 ewe
where
hf is 5 kc
fm is 20 cps, and
BW is 10 kc,
s¢
then,
(S)= (4.15)(_ "a/(3) (10,000)V (2)(20)
= 2.96 x 104 or 89.4 db.
For a one-percent data resolution, the re-
quired peak signal-to-peak noise was 40 db.
Using a crest factor of 4, for the noise,
(corresponding to a probability of 99.99 per-
cent that the noise peaks will not exceed 4
times the rms noise voltage), the S/N ratio
is 40 + 12 - 3 or 49 db. Thus, the terminal
telemetry channel has a 40-db performance
margin when the C/N ratio is at the 12-db
threshold. However, due to high deviation of
the subcarrier, the required threshold signal
is actually greater than 12 db. Nevertheless,
the actual signal-to-noise ratio exceeded 50 db.
During the emergency telemetry mode of
operation, the receiver bandwidth is switched
to 100 cps. The switch from a 1-Me to a
100-cps IF bandwidth reduces the noise power
by 40 db. Thus, the received signal power
could drop by 48 db from the normal signal
level and still exceed a 12-db threshold.
For a 12-db threshold signal, the telemetry
data has a S/N ratio of:
where
Af is 50 cps,
BWIF is 100 cps, and
f is 3 cps (fundamental component),
m
then,
This signal-to-noise ratio would give emer-
gency data that has better than one-percent
resolution.
d. CRUISE-MODE (CHANNEL-8) TELEMETRY
For cruise-mode telemetry, the same per-
formance requirement as used for terminal
telemtry was assumed; i.e., the desired
output signal-to-noise ratio is sufficient to give
a one-percent telemetry resolution. This
means that the peak-signal to peak-noise ratio
must be at least 40 db (using a crest factor
of 4 for the noise), i.e., the noise peaks will
be less than 4 times the rms value of the
noise 99.99 percent of the time. The tins-
signal to rms-noise ratio must be 40 + 12 -3
or 49 db. The subcarrier-to-noise ratio in a
100-cps band centered at 3 kc was assumed to
be at least 8 db (a conservative estimate for a
threshold signal level with a phase-lock dis-
criminator). Since the baseband frequency in
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Channel 8 is 1.5 cps and the peak deviation is
40 cps, the resultant signal-to-noise ratio out
of the discriminator is given by:
-- Af __ BWs_
where
hf is 40 cps,
fm is 1.5 cps,
BW is 100 cps centered at 3 kc, and
£ is 8dborr
N
Therefore
40
= 658, or 56.6 db
Thus, the required performance level of 49 db
is exceeded by 7.6 db when the threshold
subcarrier-to-noise ratio of 8 db is received.
e. COMMAND TONES
The following values were used in calculating
the signal-to-noise ratios for the tone codes:
¢/N at receiver
threshold:
Tone frequencies
(f,c):
Tone filter band-
width (BWT):
IF bandwidth
(BWIF):
Deviation due to
tones:
10 db or 3.17;
144 kc, 162 kc, 182kc;
500 cps;
900 kc; and
±20 kc. (Normal devia-
tion for TV signal is
:_200 kc for ±0.5 volt.
Since the tones are
±0.5 volt, the deviation
due to the tones is _20
kc, i.e., Af, = 20 kc.)
For an FM system with subcarriers that have
a baseband small in comparison with the total
baseband, the S/N is given by:
Af t 4/BWlF
The S/N for the 144-kc tone is, therefore:
(20kc)ol ookc
_(2) 0.5 kc (3.17)
(-_)= 13.2, Or 22.4 db
For the 162 kc tone, the S/N is:
(___) (20 kc) A  900 kc= _V(2) 0.5kc (3.17)
(SN-_= 11.7, 21.3 dbor
For the 188-kc tone, the S/N is:
SN_)(20 ./I 900kc
= (188 kc) V-(-_0.5 kc (3.17)
-_)= lO.l, or 2O db
Through the use of preemphasis, the effective
deviation of the tones is increased by at least
6 db. This results in a signal-to-noise ratio
for the tones of 26 to 28.4 dbwhen the carrier-
to-noise ratio is at the 10-db threshold.
f. VIDEO PREEMPHASIS
Preemphasis can be used to gain a signal-to-
noise ratio improvement for video transmis-
sion over the FM system. The amount of im-
provement is limited by the shape of the video
spectrum of the cameras, the rise times and
shapes of the horizontal synchronizing and
blanking pulses, and the system bandwidth.
FM improvement can be sacrificed for pre-
emphasis improvement to reduce transmission
bandwidth and required transmitter power.
In the Ranger TV Subsystem, it was deter-
mined that the same preemphasis network
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could be usedfor the full- and partial-scan
TV cameras. The transfer function of the
preemphasisnetworkis shownin Figure 120.
The amountof fiat gainusedafter preempha-
sis was 8 db. Therise time of synchronizing
pulses was limited to 2 microseconds.The
video responseof the Ranger cameras at
200 kc was downto 40 percent of the low-
frequencyresponse.Thedeemphasistransfer
function is alsoshownin Figure 120.Thefiat
gain associatedwith deemphasiswas4 dbin
order to return to the 1-volt, peak-to-peak
level of the originalsignal.Amplitudelimiting
following preemphasiswasavoided,since it
wouldmake rise time dependentuponsignal
level.
4. Transmitter Assembly
The two L-band, FM Transmitter Assemblies
of the Telecommunications Group were identi-
cal in design, and differed only in transmitting
frequency. Each transmitter comprised a
solid-state, crystal-stabilized, 20-Mc modu-
lator; a solid-state X12 frequency multiplier;
an X4 varactor frequency multiplier; and an
intermediate power amplifier. A blockdiagram
of a transmitting channel, showing the compo-
nents of the transmitter, is presented in
Figure 121. The overall electrical and me-
chanical characteristics of the Transmitter
Assembly are listed in Table 20.
a. MODULATOR
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Figure 120. Straight-Line Approximations of Pre-
emphasis and Deemphasis Considerations
The modulator circuit consisted basically of
a baseband amplifier, a crystal-stabilized
voltage-controlled oscillator (VCO) and
buffer amplifier. The baseband amplifier was
used to amplify the incoming video and 225-kc
telemetry signals to the level required for the
voltage-controlled oscillator. The PAM output
of the 90-point telemetry commutator modu-
lated the 225-kc VCO, and was available to
deviate the modulator directly for emergency
data by means of a relay. An external com-
mand controlled the relay which removed the
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Figure 121. Transmitting Channel Block Diagram
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TABLE 20
ELECTRICAL AND MECHANICAL CHARACTERISTICS OF THE L-BAND, FM
TRANSMITTER ASSEMBLY
Parameter Value
Electrical Characteristics
Frequency:
Channel A
Channel B
Frequency Stability
Power Output
Peak Video Deviation
Video Deviation Rate
Mechanical Characteristics
959.52 _-0. 035 Mc
960.58 ±0. 035 Me
±0. 0035 percent
6 to 8 watts {IPA)
• 200 kc
DC to 200 kc
Size
Volume
Weight
Cooling
9.7 x 5.9 x 2.7 inches
154.5 cubic inches
4.2 pounds
Conduction-cooled
baseband amplifier from the circuit and per-
mitted the emergency telemetry-data opera-
tion. With no command applied, the video and
225-kc signals were supplied to the modulator
VCO through the baseband amplifier.
The frequency of the modulator VCO was
deviated 1/48 of the final transmitted signal
and operated at a center frequency of approxi-
mately 20 Mc. Both the deviation and center
frequencies were increased by a factor of 48
through the X12 and X4 frequency-multiplier
circuits. A varactor varies the series reac-
tance of the crystal as a function of the applied
voltage. The output of the oscillator is coupled
through a buffer amplifier and then applied to
the X12 multiplier circuit. The modulator
power output was approximately 30 row.
The frequency-deviation requirements for the
modulator were satisfied, with less than 2-
percent distortion of the modulating signal.
With the Transmitter operating frequency in
the vicinity of 960 Mc and the base exciter
frequency of the modulator at 20 Mc, a total
frequency multiplication of 48 was required in
the frequency-multiplier chain. Thus, for a
total frequency deviation of 400 kc {±200 kc
about center frequency} at 960 Mc, the devia-
tion requirement of the 20-Mc oscillator was
8.33 kc, or approximately _4.2 kc about the
center frequency.
Figure 122 shows the total deviation capability
of the modulator circuit, with an expansion of
the curve about the varicap bias point shownin
Figure 120. Figure 123 also illustrates the
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linear relationship between frequency and
modulating signal which has a total permissible
distortion of less than 2 percent for modulating
signals up to 600 kc, with fiat-response mag-
nitudes that produce total deviations up to 9.5
kc.
The distortion measurements were made by
AC coupling an audio signal into the varicap
circuit and measuring the modulation frequency
response from 2 kc to 600 kc. Less than 1 db
change in total deviation was detected for a
modulating signal strength which produced a
total deviation of 9.5 kc.
The complete electrical and mechanical char-
acteristics of the modulator circuit are listed
in Table 21.
b. Xi2 FREQUENCY MULTIPLIER
The X12 frequency multiplier circmtconsisted
of two varactor-doubler stages, and a varactor-
tripler stage, with transistor amplifiers be-
tween each stage. The output frequency of the
circuit was 240 Mc at 2.0 watts of RF power.
The 20-Mc input signal from the modulator
circuit was amplified in the first transistor
amplifier, operating Class A, to a level of 200
mw. The signal was then multiplied in the
first varactor doubler to provide 40-Mc drive
power for the second amplifier. This stage,
operating Class AB, increased the 40-Mc sig-
nal level to 500 mw to drive the second
varactor doubler. The output of the second
frequency-doubler stage was used to drive two
cascaded transistor amplifiers at a frequency
of 80 Mc. Both amplifier stages were operated
Class C to obtain an 80-Mc output of 4 watts.
This signal, in turn, drove the output frequency-
tripler stage, consisting of four varactors in
series parallel.
During the initial development, the output
varactor tripler stage was found to be operating
at a lower efficiency than anticipated. Investi-
gation revealed that molded-type RF coils,
used in the input (80-Me), output (240-Mc), and
idler (160-Mc) circuits, were inducing con-
siderable losses in the tripler stage. These
inductors were replaced with high Q coils
which resulted in a more consistent 2-watt
RF output from the X12 frequency multiplier
circuit.
The electrical and mechanical characteristics
of the X12 frequency multiplier of the Trans-
mitter Assembly are listed in Table 22.
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TABLE 21
ELECTRICAL AND MECHANICAL CHARACTERISTICS OF THE
TRANSMITTER MODULATOR CIRCUIT
Parameter Value
Electrical
Frequency:
Channel A
Channel B
Frequency Stability
Peak Video Deviation
Video Deviation Sensitivity
Video Deviation Rate
T/M Deviation Rate
Peak Emergency T/M Deviation
19.990 Me ±730 eps
20. 012 Mc =_730 eps
±0.0035 percent
• 4 kc
4 kc per volt
DC to 200 ke
220 to 230 kc
21 eps
Emergency Deviation Rate
DC Input Power
RF Output Power
Mechanical
Size
Volume
Weight
Cooling
3 cps
3.5 watts
30 mw
5.9x 3.9x 1.25inches
28.8 cubic inches
0.84 pound
Conduction-cooled
c. X4 FREQUENCY MULTIPLIER
The X4 frequency multiplier was a single-
stage varactor quadruplet circuit. The input
was a 240-Mc signal at 2.0 watts; the output,
960 Me at 0.6 watt. End-loaded cavities were
used for the input and output networks. Two
series-connected varactor diodes wereusedto
obtain the required power handling capability.
The diodes were operated with fixed bias. The
960-Me signal was loop-coupled from the
output cavity and fed to the intermediate power
amplifier (IPA) stage. The electrical and
mechanical characteristics of the X4 fre-
quency multiplier are listed in Table 23.
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TABLE 22
ELECTRICAL AND MECHANICAL CHARACTERISTICS OF THE TRANSMITTER
X12 FREQUENCY MULTIPLIER CIRCUIT
Parameter Value
Electrical
Frequency Input
Frequency Output
DC Input Power
RF Power Output
20 Mc (nominal)
240 Mc (nominal)
20 watts
2.0 watts
Mechanical
Size
Volume
Weight
Cooling
5.9x3.9x 1.2inches
28 cubic inches
0.81 pound
Conduction-cooled
d. INTERMEDIATE POWER AMPLIFIER
The intermediate power amplifier (IPA) of the
Transmitter Assembly employed an RCA type
7870 ceramic tetrode tube in a coaxial amplifier
cavity. The output tank circuit was a shorted
quarter-wave-length cavity; the input was an
open half-wave section. An adjustable poten-
tiometer provided cathode bias, with output
obtained by capacitive coupling to the anode
cavity. The tube was operated with the anode
at DC ground potential to provide a low thermal
resistance path from the heat-dissipating anode
to the Transmitter chassis. The electrical and
mechanical characteristics of the intermediate
power amplifier are listed in Table 24.
e. MISCELLANEOUS ITEMS
The Transmitter chassis contained a 75-volt
zener diode which was used to regulate the
+ 100 volts fromthe Transmitter Power Supply.
This 75 volts was used as collector-and-bias
voltage in the X12 frequency multiplier. The
IPA cathode-bias resistor and a voltage divider
which scale -750 volts for use by the telem-
etry system were also mounted on the Trans-
mitter chassis.
5. Power Amplifier Assembly
The Power Amplifier Assembly employed a
Machlett type 36X100A5 tube, which is a
ceramic triode of the 2C39 type group. When
provided with an input of 6 to 8 watts from the
intermediate power amplifier, the Power Am-
plifier Assembly provided a 60-watt RF power
output at a frequency of 960 Mc to the Four-
Port Hybrid Assembly in the RF-combiner
portion of the Telecommunications Group. The
Power Amplifier operated at a nominal plate
efficiency of 50 percent and a gain of 10 db.
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TABLE 23
ELECTRICAL AND MECHANICAL CHARACTERISTICS OF THE
TRANSMITTER X4 FREQUENCY MULTIPLIER
Parameter Value
Electrical
Frequency Input
Frequency Output
RF Power Input
RF Power Output
240 Mc (nominal)
960 Mc (nominal)
2.0 watts
0.6 watts (minimum)
Mechanical
Size
Volume
Weight
Cooling
3.7 x 2.9 x 2 inches
21.5 cubic inches
0.45 pound
Conduction-cooled
The electrical and mechanical characteristics
of the Power Amplifier are listed in Table 25.
6. Transmitter Power Supply
The Transmitter Power Supply was a DC-to-
DC converter. Primary battery power was
converted to AC square waves whiehwere then
applied to a multiwound transformer. Four
of the transformer outputs were rectified by
full-wave diode bridges and filtered to provide
separate DC outputs of + 100, + 1000, -500, and
-750 volts. Two outer windings each supplied
6.3 volts, AC for heater power for the inter-
mediate power amplifier and Power Amplifier
tubes.
Relay circuits were employed for the applica-
tion or removal of the various combinations
of voltages required for warm-up, operate,
and pad-checkout (reduced-power) modes.
The Transmitter Power Supply was designed
to operate at a nominal battery-voltage input
of 31 volts DC, unregulated. The basic AC
input frequency to the transformer was 2500
cps. The electrical and mechanical character-
istics of the Transmitter Power Supply As-
sembly are listed in Table 26.
7. Four-Port Hybrid Assembly
The Four-Port Hybrid Ring was a passive,
coaxial device, which employed signal-
cancellation techniques to couple the outputs of
two 60-watt Power Amplifiers to a common
load (ultimately the spacecraft directional
antenna}. The Assembly provided a minimum
of 30 db isolation between the two power
sources to prevent interaction between the two
transmitting channels. This isolation was ob-
tained at the expense of a 3-db insertion loss
for each channel.
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TABLE 24
ELECTRICAL AND MECHANICAL CHARACTERISTICS OF THE TRANSMITTER
INTERMEDIATE POWER AMPLIFIER
Parameter
Electrical
Output Frequency
RF Output Power
DC Input Power
RF Input Power
Value
960 Mc (nominal)
7 watts (nominal)
43 watts
0.6 watt (minimum)
Mechanical
Size
Volume
Weight
Cooling
5.75 x 1.5 x 1.75 inches
15.1 cubic inches
O. 72 pound
Conduction-cooled
Three possible solutions for combining or
diplexing the outputs of the Channel A and B
Transmitters were considered during the
initial design phase:
• Connecting the two RF outputs to a com-
mon line and selecting cable lengths to
provide isolation;
• Using a tuned diplexer with coaxial tuning
elements; or
e Using a hybrid ring.
Since the output impedances of the Power
Amplifiers would be fairly close to 50 ohms,
isolation could not be achieved by selection of
cable lengths. Without isolation, the tuning of
the Power Amplifiers would be interdependent
and serious problems with intermodulation
sidebands would result.
The use of a tuned diplexer was impractical
due to the close frequency separation of the two
transmitting channels. The circuit figure of
merit (Q) required for a tuned diplexer would
necessitate the use of coaxial cavities of
prohibitively large dimensions.
The hybrid-ring approach was adopted as the
design best suited for the RF combiner and
sufficient system margin had been designed
into the Telecommunications Group so thatthe
3-db loss in the combiner was acceptable. A
Dummy Load Assembly was required to dissi-
pate the combining loss power; however, being
a passive device, it did not significantly affect
system reliability.
8. Dummy Load Assembly
One of the combined outputs of the Four-
Port combiner was dissipated into a Dummy
Load Assembly. The Dummy Load was a 50-
ohm resistance capable of 100 watts dissipa-
tion at a frequency of 960 _1 Mc, and was a
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TABLE 25
ELECTRICAL AND MECHANICAL CHARACTERISTICS OF THE
POWER AMPLIFIER ASSEMBLY
Parameter Value
Electrical
RF Power Output
Output Frequency
Plate Supply Voltage
Cathode Current
Tube Type
Heater Voltage
60 watts
960 Mc (nominal}
1000 volts
125 ma
3CX100A5
6.1 volts at 1.0 amp
Mechanical
Size
Volume
Weight
Cooling
8.8x 3.8x2.9inches
97 cubic inches
4 pounds (including PA)
Conduction-cooled
coaxial design utilizing conduction cooling.
The load was 3.4 inches square by 14 inches
long with a TNC connector provided. The
device weighed approximately 1 pound.
Because of early difficulties encountered when
testing the Dummy Load Assembly in thermal-
vacuum conditions, the use of an oil-filled load
containing a 50-ohm high-power resistor was
investigated. Although the initial voltage
standing-wave ratio (VSWR) measurements
on the oil-filled unit indicated an excellent
standing-wave ratio of 1.03, thermal-vacuum
tests revealed that a permanent increase in
VSWR existed after test. Therefore, the coaxial
design was retained.
9. Telemetry Processor Assembly
The Telemetry Processor Assembly utilized a
resistance divider network and a zener diode
to provide a negative telemetry voltage which
monitored the + 1000-volt supply to the Power
Amplifier. A filter was used to convert the
telemetry output of a signal sampler to a
negative DC telemetry voltage, which would
be a function of the RF power output from the
Power Amplifier. A telemetry indication of the
Power Amplifier cathode current was also
generated.
10. Signal Sampler
The Signal Sampler was a coaxial-line "T"
section with a crystal detector and filter
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TABLE 26
ELECTRICAL AND MECHANICAL CHARACTERISTICS OF THE
TRANSMITTER POWER SUPPLY ASSEMBLY
Parameter
Electrical
Input Power:
• Warm-up
• Operate
Output Power (-29.5 VDC input)
Ripple
Mechanical
Size
Volume
Weight
Cooling
Value
-30, -33 VDC; at 5.5 amps
-29.5, -32 VDC; at 13 amps
+1000 VDC ±5% at 130 ma
-750 VDC +5% at 65 ma
-500 VDC ±5% at 20 ma
+100 VDC +5% at 300 ma
6.3 VAC _5% at 1 amp
6.3 VAC _5% at 1 amp
30 mv peak-to-peak (max.)
8x 4.6x5.7 inches
210 cubic inches
9.7 pounds (with shield cover)
Conduction-cooled
capacitor located in one branch. A small ad-
justable loop coupled a small amount of RF
power from the output of the Power Amplifier
to the crystal, which provided a DC signal
proportional to the Power-Amplifier power
output.
11. 890-Mc Filter
During radio-frequency-interference (RFI)
tests on the Telecommunications Group, wide-
band noise in the frequency range of 890 Me
was detected. The source of the noise at the
time was attributed to the Power Amplifier,
however, these tests did not exclude the pos-
sibility that noise was due to the X4 frequency
multiplier.
The noise level exceeded the specified limit
of -140 db by 15 to 25 db. In order to satisfy
the design requirements concerning interfer-
ence with the spacecraft Bus, an 890-Mc filter
was designed and inserted between the output
of the Four-Port Hybrid Assembly and the
input to the directional coupler on the space-
craft Bus. Later, measurements of the cou-
pling loss between the omni-antenna and the
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high-gain directional antenna as a function of
angle indicated a minimum coupling loss of
45 db, which was sufficient attenuation to meet
specification without a filter. A breadboard
model of the filter reduced the 890-Mc noise
by 22 db, however, its use on flight models
was cancelled.
12. Telemetry Assembly
The Telemetry Assembly, shown in Figure
119, consisted of the telemetry elements for
processing pertinent engineering data on the
TV Subsystem during the cruise and terminal
phases of the Ranger mission. Table 27 lists
the electrical characteristics of each compo-
nent of the Telemetry Assembly.
a. CRUISE MODE TELEMETRY
The cruise-mode telemetry elements com-
prised a 15-channel commutator, a modified
IRIG Channel-8 voltage-controlled oscillator
(VCO), and an AC isolation amplifier. The
15-channel commutator was used to sample
critical temperatures and voltages at a rate
of one data point per second. The parameters
sampled by the commutator are listed in
Table 28. The input telemetry signals to the
commutator were scaled from 0 to -5
volts DC.
Eleven data points were used for the telemetry
readings. Data points 14 and 15 were frame
synchronizing signals used to index the telem-
etry data and were at a pedestal level of + 1.25
volts. The pedestal was used to differentiate
between a zero data level and off time, and
also to index and reset the ground receiving/
recording system. Data point 12 was used as
the full-scale reference (-5.0 volts}, and data
point 13 was used as the zero reference. The
commutator was operated by a-27.5-volt
potential from the Low-Current Voltage
Regulator.
The output of the 15-point commutator was
applied to the Channel-8 VCO, which had the
standard IRIG center frequency of 3 kc, with a
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special peak-to-peak deviation of 100 cps
(i.e., _50 cps) for increased signal-to-noise
ratio. The Channel-8 VCO was operated by
+ 28 volts at 20 ma from the Telemetry Power
Supply and provided a 3-volt rms output.
The AC amplifier provided the required DC
isolation between the Channel-8 VCO and the
Bus Transponder. The amplifier was an
emitter follower with a transformer-coupled
output which was applied to the TV Subsystem/
Bus interface through a shielded twisted pair
cable. The 15-point, cruise-mode telemetry
signal was to be mixed with spacecraft Bus
telemetry and transmitted over the 3-watt
Transmitter of the spacecraft_us from 16-1/2
hours after launch until lunar impact.
b. TERMINAL-MODE TELEMETRY
The terminal-mode telemetry elements con-
sisted of a 90-point commutator and two
225-kc voltage-controlled oscillators as shown
in Figure 119. Terminal-mode telemetry oper-
ation was initiated approximately 15 minutes
prior to impact by an RTC-7 command from
the ground station or by a preprogrammed
CC&S warm-up command which applied -27.5
volts DC from the High-Current Voltage Regu-
lator to the 90-point commutator and+ 28 volts
DC from the Telemetry Power Supply to the
225-kc VCO's.
The 90-point commutator sampled diagnostic
engineering telemetry data on the TV Sub-
system at a rate of 3 points per second.
Table 29 lists the engineering parameters
sampled by the 90-point commutator. The
inputs to the commutator were scaled from
0 to -5 volts DC, and originated from a
source impedance of less than 100 kilohms.
Eighty-six of the telemetry points represented
diagnostic telemetry. Data points 89 and 90
were frame-synchronizing references, and
data points 87 and 88 were the full-scale and
zero-scale references, respectively.
The output of the commutator drove the two 225-
kc VCO's, which were connected in parallel.
133
TABLE 27
ELECTRICAL CHARACTERISTICS OF TELEMETRY ASSEMBLY COMPONENTS
15-Point Commutator
Sampling Rate .................................. 1 point/second
Data Input ...................................... 0 to -5 VDC
Reference Signal ............................ +1.25 volt pedestal
Operating Voltage ........................... -27.5 VDC ±0.5 VDC
90-Point Commutator
Sampling Rate .............................. 3 samples/second
Data Input .................................. 0 to 5 VDC range
Reference Signal ........................... +1.25-volt pedestal
Operating Voltage .......................... -27.5 VDC ±0.5 VDC
IRIG Channel-8 VCO (Modified)
Output Frequency ................................ 3000 ± 5 cps
Long Term Stability .......................... 2% (0 ° to +65 ° C)
Deviation Linearity .............................. ±1% maximum
Peak-to-peak Deviation ............................... 100 cps
Input Impedance .......................... 500 kilohms minimum
Output Voltage ........................... 3 VRMS, into 10K load
Input Power .............................. +27.5 VDC at 20 ma
225-KC VCO
Center Frequency Output ........................ 225 kc ± 500 cps
Input Power ............................... +27.5 VDC at 20 ma
Long Term Stability .......................... 2% (0 ° to +65 ° C)
Deviation Linearity ................................... +1%
Peak-to-Peak Deviation ................................ 10 kc
Input Impedance ........................... 1 megohm, minimum
Output Voltage ........................... 1.5 VPP into 10K load
AC Amplifier
Amplifier Gain ...................................... Unity
Input Signal ................................ 3 VRMS, 10K Load
Output Signal ............................... 3 VRMS, 10K Pot.
Cooling .................................. Conduction-Cooled
DC-to-DC Converter
Input Power ................................ -27.5 VDC ± 0.5V
Output.. ...................................... +28 VDC ±5%
Cruise Mode ...................................... 160 ma
Warm-up, Terminal and Emergency Modes .................. 200 ma
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TABLE 28
PARAMETERS SAMPLED BY 15-POINT COMMUTATOR
Data
Point
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Parameter Monitored
Unregulated DC Voltage
Low-Current Voltage Regulator Output (-27.5 VDC)
Battery A Internal Temperature (Sensor No. 8)
Battery B Internal Temperature (Sensor No. 10)
Battery A Terminal Voltage
Battery B Terminal Voltage
Top Hat Temperature (-y Axis} (Sensor No. 9)
Thermal Shroud Temperature (-y Axis) (Sensor No. 11)
Channel A Transmitter Output
Channel B Transmitter Output
5-Minute Accumulator
Full-Scale Reference
Zero Reference
Frame Reference
Frame Reference
The output of one 225-kc VCO was applied to
the input of the Channel A Transmitter and
multiplexed with the video signal to modulate
the 959.52-Me carrier. The output of the
second VCO was applied to the Channel B
Transmitter and multiplexed with the partial-
scan video signal to modulate the 960.58
carrier signal.
The peak-to-peak deviation of the 225-kc
VCO's was 10 kc, and the VCO's provided an
output of 1 volt, peak-to-peak.
An emergency telemetry mode was also pro-
vided to enable the ground station to receive
terminal-mode @0-point) telemetry in the
event that a malfunction prevented normal
telemetry reception. In this mode, the full-
and partial-scan video and 225-kc telemetry
signals would be switched out and the output
signals from the 90-point commutator would
be used to pulse-amplitude-modulate the Chan-
nel A and B Transmitters directly. The emer-
gency telemetry mode was activated by a
real-time command from the ground station.
c. TELEMETRY INPUTS
The telemetry inputs to the 15- and 90-point
commutators were DC voltages scaled from
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TABLE 29
PARAMETERS SAMPLED BY 90-POINT COMMUTATOR
Data Point No. Parameter Monitored
1
2
3
4
5
6
7
8 thru 14
15 thru 21
22 thru 28
29 thru 35
36 thru 42
43
44
45
46
47
48
49
5O
51
52
53
54
55
P1 Camera Vertical Sweep
P1 Camera Horizontal Sweep
P1 Camera G1 and Focus Current
P1 Camera +1000V and 300V
P1 Camera Shutter and Lamp Drive
Pl Camera Vidicon and Nuvistor Filament Current
Zero Reference
Same as 1 thru 7 except for P2 Camera
Same as 1 thru 7 except for P3 Camera
Same as 1 thru 7 except for P4 Camera
Same as 1 thru 7 except for F a Camera
Same as 1 thru 7 except for F b Camera
F b Camera Electronics Temperature {Sensor No. 25
A Battery Case Temperature {Sensor No. 4)
B Battery Case Temperature {Sensor No. 55
Unregulated Bus, Channel B
Regulated Bus (-27.5V), Channel B
Unregulated Bus, Channel A
Regulated Bus {-27.5V), Channel A
Lower Shroud Temperature (+Y) {Sensor No. 125
Bottom Deck Temperature (-X, -Y Quadrant) {Sensor No. 135
Second Deck Temperature (-Y) {Sensor No. 145
Second Deck Temperature (+Y) {Sensor No. 15)
SCR Gate No. 1
SCR Gate No. 2
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TABLE 29
PARAMETERS SAMPLED BY 90-POINT COMMUTATOR (Continued)
Data Point No. Parameter Monitored
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
8O
Unregulated DC ON
Command Switch, Position "Zero"
Command Switch, Position "Warm-up"
Command Switch, Position "Emergency"
Command Switch, Position "Emergency Off"
Full-Scan Sequencer "T" Flip-Flop (No. 2)
Not Used
Full-Scan Sequencer Oscillator (18 kc)
Partial-Scan Sequencer Voltage (+12V)
Partial-Scan Sequencer Voltage (-12V)
Partial-Scan Sequencer Oscillator (18 kc)
Full-Scan Sequencer Voltage (+12V)
Full-Scan Sequencer Voltage (-12V)
Full-Scan Sequencer "T" Flip-Flop (No. 1)
Partial-Scan Sequencer "R" Flip-Flop (No. 1)
Partial-Scan Sequencer "R" Flip-Flop (No. 2)
P Video to Channel B
Not Used
F Video to Channel A
Channel A Transmitter PA Heat Sink (Sensor No. 6)
Channel A RF Output Power
Channel A Transmitter PA (+1000V) Voltage
Channel A Transmitter IPA (-750V) Voltage
Channel A Transmitter PA Cathode Current
Channel B Transmitter PA Heat Sink (Sensor No. 7)
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TABLE 29
PARAMETERS SAMPLED BY 90-POINT COMMUTATOR (Continued)
Data PointNo. Parameter Monitored
81
82
83
84
85
86
87
88
89
90
Channel B RF Output Power
Channel B Transmitter PA (+1000V) Voltage
Channel B Transmitter IPA (-750V) Voltage
Channel B Transmitter PA Cathode Current
F a Camera Lens Housing Temperature (Sensor No. 1)
Camera Bracket Temperature (Sensor No. 3)
Full Scale Reference
Zero Reference
Frame Reference
Frame Reference
0 to -5 volts. The parameters measured con-
sisted of voltages, currents, and temperatures
of various equipment and functions within the
TV Subsystem. Temperatures were converted
to suitable telemetry-voltage readings through
the use of thermistors and the circuitry associ-
ated with the Temperature Sensor Assembly.
Telemetry-voltage readings of high-voltage and
RF power values were provided through the
Telemetry Processor Assembly.
Other telemetry-voltage readings of various
parameters were monitored by the use of
voltage-dividing networks located in each of
the full- and partial-scan Camera Electronics
Assemblies, the Control Programmer and
Camera Sequencer Assembly, Video Combiner
Assembly, Command and Control Units, and
the High- and Low-Current Voltage Regulators.
13. Temperature Sensor Assembly
The Temperature Sensor Assembly consisted
of two sensor circuits and 23 associated
thermistors for monitoring temperatures at
15 selected locations on the TV Subsystem
and translating the temperatures into telem-
etry voltages scaled from 0 to -5 volts DC for
application to the Telemetry Assembly.
The low-range temperature sensor circuit
consisted of a thermistor and diode-resistance
stage for monitoring temperatures between
-10 and + 65 ° C at seven selected locations.
The diode-resistance stage detects any ther-
mistor resistance change and converts the
change to a representative voltage. The seven
low-range thermistor locations are listed in
Table 30. The measurements from thermistors
8 and 10 are transmitted during cruise mode
over the 15-point telemetry. The measure-
ments of thermistors 1 through 5 are trans-
mitted during terminal mode over the 90-point
telemetry.
Figure 124 is a typical low-rangetemperature
sensor circuit. A typical response curve for
the -10 to +65 ° C temperature sensors is
shown in Figure 125.
138
VOLUME 3 SECTION II
TABLE 30
LOW-RANGE THERMISTOR LOCATIONS
Thermistor Location
Number
1
2
3
4
5
8
i0
F a Camera Lens Housing
F b Camera Electronics
Assembly
Camera Mounting Bracket
Channel A Battery Case
Channel B Battery Case
Channel A Battery, Internal
Channel B Battery, Internal
-27,5VD( INPUT
O_ De
GROUND
OUTPUT TO
TELEMETRY
ASSEMBLY
!R=
RhRI,RI ARE RESISTORS
RT iS A THERMISTOR
Ol AND D= ARE DIOOES
Figure 124. Typical Low-Range Temperature Sensor
Circuit
The high-range temperature-sensor circuits of
thermistor and resistance stages are for moni-
toring temperatures between 0 and +100 ° C
at eight selected locations. Table 31 lists the
locations of the high-range thermistors. The
measurements obtained from thermistors 9
and 11 are transmitted during cruise mode
over the 15-point commutator. The measure-
ments obtained by the remaining thermistors
are transmitted during terminal mode over
the 90-point commutator.
An example of a high-range temperature sen-
sor circuit is presented in Figure 126, A typical
response curve for the -10 to + 100 ° C tempera-
ture sensors is presented in Figure 125.
14. Telemetry Power Supply
The telemetry Power Supply Assembly was a
-28 to +28 VDC converter which supplied
^ .,G.-RANGE /
v I-- TE.PERATURE/
o,,_ L SENSORS ,_
_v _- (-Io°c TO *,00 °C)/
_ 30
L / / TEMPERATURE2ol- / / SENSORS
Figure 125. Typical Temperature-Sensor ResponseCurves
TABLE 31
HIGH-RANGE THERMISTOR LOCATIONS
Thermistor
Number Location
6
7
9
11
12
13
14
15
Channel A PA Heat Sink
Channel B PA Heat Sink
Top Hat (-Y Side)
Thermal Shroud (-Y Side)
Lower Shroud (+Y Side)
Bottom Deck (-X, -Y
Quadrant)
Second Deck (-Y Side)
Second Deck (+Y Side)
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-27.5 VDC INPUT
RTI
iR,
GROUND
OUTPUT TO
= TELEMETRY
ASSEMBLY
IR2
RI AND R z ARE RESISTORS
RTi AND R'r_, ARE THERMISTORS
Figure 126. Typical High-Range Temperature-Sensor
Circuit
input power for the Channel-8 and 225-kc
VCO's and a positive voltage for the commu-
tator pedestal reference. This converter was
employed so that existing designs for the
VCO's and commutators could be used.
C. MODIFICATIONS TO THE INITIAL
TELECOMMUNICATIONS DESIGN
Following initial design and development of the
Telecommunications Group, several design and
improvement modifications were incorporated
based on the results of Subsystem tests and
special communications tests.
1. Video Combiner Assembly
The two-channel FM Telecommunications
Group was designed such that a 2-volt, peak-to-
peak, composite video signal from each camera
chain would produce a carrier frequency devia-
tion of _- 173 kc. This deviation was required
for a signal-to-noise ratio that would ensure
acceptable recovery of the video signal at the
ground station. The video deviation, when sum-
med with the telemetry deviation (225 kc), pro-
duced carrier-modulation products in a
bandwidth of _400 kc, which is the maximum
allowable deviation without interferring with
the spacecraft Bus beacon signal. Further im-
provement in video signal-to-noise ratio was
achieved through the use of video preemphasis
however, after the video signal had been pre-
emphasized in the Video Combiner Assembly,
the amplitude of the low-frequency component
of the signal was 2 volts, peak-to-peak, and
the amplitude of the signal including high-fre-
quency spikes was approximately 4 volts, peak-
to-peak. To prevent overdeviation of the
carrier frequency, which would cause inter-
ference with the beacon transmitter, the ampli-
tude of the low-frequency component was
reduced to 1.5 volts, peak-to-peak, and clipper
circuits were incorporated at the output of the
Video Combiner Assembly to amplitude-
limit the composite video signals to 2 volts,
peak-to-peak. The tip of the clipped pulse
extended one-quarter of a volt above sync level
and one-quarter of a volt below peak-white
level.
2. Transmitter Assembly
a. SECOND IPA DEVELOPMENT
During the initial subassembly integration of
the Telecommunications Group, an interstage
coupling problem was encountered between the
X12 and the X4 frequency multiplier circuits
of the Transmitter Assembly. Slight detuning
of either circuit resulted in an oscillatory con-
dition that produced numerous sideband fre-
quencies. This type of problem is encountered
to some degree whenever two varactor stages
are coupled together with no isolation, and can
be eliminated by the incorporation of an at-
tenuator to provide isolation between the two
circuits. A 3-db attenuator was added to the
output of the X12 multiplier circuit, decreasing
the RF output to 1 watt. This caused the output
of the X4 multiplier circuit to decrease to 150
milliwatts, and thus ultimately reduced the
drive power to the final Power Amplifier As-
sembly. To compensate for the 3-dbloss in the
X12 multiplier circuit and provide the 8 watts
required to d r i v e the Power Amplifier As-
sembly, a second intermediate power amplifier
stage was incorporated into the Transmitter
Assembly. Changes in the Transmitter Power
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Supply design were avoided by electrically
connecting the 2nd IPA in parallel with the ex-
isting IPA; i.e., both IPA's operated with a
common cathode resistor. Identical cavities
were used for both units. The RF output from
the first IPA was I watt, which drove the 2nd
IPA to the 8-watt level.
b. X4 FREQUENCY MULTIPLIER
The incorporation of the 3-db attenuator at the
output of the X12 multiplier induced a problem
of a turn-on stability of the X4 multiplier. It
was found that after adjusting the input tuning
capacitor of the X4 multiplier for maximum
power output, the power output would be zero
if the Transmitter was turned off and then
turned on again. Figure 127 is a plot of X4
multiplier output as a function of the rotation
of the input tuning capacitor, with the region of
turn-on instability indicated. The turn-on pro-
blem was eliminated by changing the varactor
bias from fixed to self bias developed across a
1-megohm resistor. A zener diode was placed
across the bias resistor to inhibit low-tem-
perature variations that were evidenced as a
relaxation-type variation superimposed on the
DC bias voltage. The diode was selected to
reach zener breakdown below the self-bias
voltage point.
C. REPLACEMENT OF TERMINALS
Solid dielectric terminals, molded fromdiallyl
phthalate, type SGD, replaced all hollow stand-
off terminals on the Transmitter Assembly.
Power dropouts experienced during communi-
cations tests were isolated to hollow standoff
terminals on the Transmitter chassis which
were carrying -750 volts DC. It was deter-
mined that a partial-pressure condition
occurred within the hollow of the terminals
after the pressure dropped below 1 x 10 -5 torr
at a temperature of + 25 ° C, causing arcing and
resulting in the power-dropout problem. Re-
placement of the hollow terminals eliminated
the problem.
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Figure 127. X4 Multiplier Output as a Function of Input
Tuning Capacitor Rotation
d. MODULATOR EMERGENCY-MODE
MODIFICATION
When initial communications tests were per-
formed w i t h the cameras operating, the
emergency-mode telemetry data received by
the ground station exhibited excessive low-
frequency noise at the output of the phase-lock
detector. The noise was attributed to shutter
pulses being induced into the Transmitter mod-
ulator circuit on the -27.5- and + 100-volts DC
lines. Since the pulse rate of the shutters is
approximately the same as the emergency-
telemetry data rate (3 cps), and the output
of the 90-point commutator directly frequency-
modulates the Transmitter at a low deviation
(1 kc, peak-to-peak), the combined result was
excessive low-frequency noise at the output
of the OSE phase-lock detector. The shutters
draw a 2-ampere current surge from the Bat-
tery when operated, and caused a slight in-
stantaneous drop at the input to the -27.5-
volt DC High Current Voltage Regulator, which
appeared as a 50-mv drop at the output of the
regulator. Although the -27.5 DC voltage was
further filtered and regulated (by zener diode)
in the modulator circuit, the shutter pulses
were still observed in the B+ lines within the
modulator,
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It was then observed that the operation of the
emergency-mode relay in the modulator
changed the -20-volt DC bus (derived from
-27.5-volt DC supply} by approximately 0.5
volt, indicating that the zener diode was not
bleeding enough current in the emergency mode
to regulate properly. This situation was cor-
rected by deriving the power for the emergency
mode relay directly fromthe-27.5-voltDC bus,
instead of from the zener-controlled point in the
modulator. This modification reduced the low-
frequency noise considerably.
The shutter pulses, however, continued to con-
taminate the data. This residual contamination
was eventually traced to the + 100-volt supply
line. The + 100-volt supply is generated by the
Transmitter Power Supply directly from the
Battery voltage. Since there was no active
voltage regulation in the Transmitter Power
Supply, variations in the Battery voltage di-
rectly affected the output voltage of the power
supply. Although the + 100 volt supply was
filtered and zener-controlled in the power sup-
ply, the time constant was found to be too
short to eliminate the shutter pulses being in-
duced into the modulator. This condition was
corrected by increasing the time-constant of
the filter on the DC reference line used by the
varactor modulator.
The two modifications improved the emer-
gency-mode data output of the OSE phase-lock
detector to the extent that approximately 90
percent of the data points corresponded with
the normal 225-kc telemetry specifications.
Even with these modifications, however, cer-
tain points continued to produce erroneous data
(as much as 5 times higher than the expected
value in some cases}. These points were
d e t e r m i n e d to be high-impedance points
(greater than 100 kilohms), with the resultthat
the input to the modulator circuit was almost
open-circuited, causing the baseband amplifier
stage to return to its DC operating point. It was
found that if the emergency-mode data were
AC-eoupled into the modulator circuit and the
baseband amplifier was allowed to operate at
a constant DC bias, all emergency-mode data
points would approximately correlate with the
normal 225-kc telemetry.
In addition, a passive circuit was incorporated
which reduced the 6.25-volt, peak-to-peak,
telemetry input signal to the modulator to ap-
proximately 50 millivolts, peak-to-peak (de-
viation of 1 kc) and shaped the data to remove
high-frequency components. This circuit had a
very high input impedance and was not affected
by the high-impedance points (greater than 100
kilohms). The result was that all the emer-
gency-mode data points correlated with the
normal 225-kc telemetry.
3. Pressurization of RF Components
The first thermal-vacuum test of the com-
munications equipment was performed on the
Proof Test Model (PTM) of the TV Subsystem.
The communications equipment integrated on
the PTM for this test included a Transmitter,
Transmitter Power Supply, Power Amplifier,
Signal Sampler, coaxial Four- Port Hybrid, and
a Dummy Load. The results ofthetest revealed
that certain Transmitter components, the Pow-
er Amplifier, Four-Port Hybrid, and Dummy
Load failed under vacuum conditions. Detailed
vacuum tests were then performed on each sub-
assembly to determine the cause of the RF
breakdown in the failed units, with careful con-
sideration given to the effects of unequalized
pressure on the Power Amplifier, Signal Sam-
pler, Four-Port Hybrid, and Dummy Load.
These units were partially sealed to ambient
conditions, which retards (and, in some cases,
prevents} pressure equalization between the
inside and outside of the unit. Under this condi-
tion, ambient vacuum conditions could result
in an internal critical-pressure condition
(rareified atmosphere} at which electrical
breakdown could occur. This electrical break-
down condition is a function of gases present,
pressure, electrode contour and spacing, and
temperature.
Various pr e s s u r e-equalization techniques
were evaluated. The technique of drilling holes
in the unit to improve the outgassing capability
142
VOLUME 3 SECTION II
of the unit, and hence, the pressure equaliza-
tion capabilities, was successful when applied
to the Four-Port Hybrid and the Signal Sampler.
This technique could not be applied to the Pow-
er Amplifier and the Dummy Load because of
the high operating temperatures of these units.
The Power Amplifier was sealed in a pressur-
ized housing and pressurized to 35 psig with
dry nitrogen. The Dummy Load was hermeti-
cally sealed.
4. Power Amplifier Assembly
a. PRESSUREVESSEL DEVELOPMENT
As mentioned, the Power Amplifier was tested
under thermal-vacuum conditions to determine
the cause of failure noted during the original
communications testing. When operated under
vacuum conditions of 10 -4 torr, the unit failed
immediately upon application of the +1000-
volt plate voltage. The failure was manifested
as a reduction in RF power output to 10 watts,
accompanied by a glow discharge within the
cavity, and eventual DC arcing.
It was concluded that the failure resulted from
the formation of a partial pressure within the
cavity, caused by outgassing of the metal and
teflon inside the cavity due to heat and the
confining walls of the cavity. The heat was
produced as a result of application of heater
power during the 5-minute warm-up cycle, and
by plate dissipation at the application of high
voltage. The higher temperatures releases
molecules from the surfaces of the internal
cavity walls, and since the cavity was a semi-
sealed unit, a partial pressure was produced.
At such pressures, the spacing required to
prevent a r c-o v e r and corona becomes
prohibitive.
In order to eliminate the effects of partial-
pressure conditions, the entire Power Amp-
lifier was packaged in a special vessel,
pressurized to 15 psig. The housing was milled
from a solid block of aluminum and provided
with a cover, a pressurizing valve, and a purge
valve. The pressurized vessel was designed to
maintain an internal atmospheric pressure un-
der all environmental conditions, tncludingex-
tended periods in vacuum; with its cover
removed, to provide access to the tuning
controls of the Power Amplifier for mainten-
ance and service; and to provide a low thermal-
impedance path between the Power Amplifier
and the structure of the TV Subsystem to which
the vessel was mounted. Four connectors were
included for RF and DC power lines. Each
connector and the cover was sealed with
O-rings. The entire assembly was designed to
pass a helium leakage test of less than 10 -7 cc
per second.
b. INCORPORATION OF CURRENT REGULATOR
To obtain maximum performance from the
Power Amplifier under varying conditions of
drive power, operating temperature, and plate
voltage, a current regulator consisting of a
2N424 transistor was incorporated into the
cathode circuit, and was physically located in
the Telemetry Processor Assembly. The cath-
ode current is adjusted to 125 milliamperes
by means of a potentiometer in the base circuit
of the transistor. Changes in drive or plate
voltage cause the cathode voltage to vary, which
adjusts the gain of the Power Amplifier tube to
compensate for the external change.
c. CHANGE OF POWER AMPLIFIER TUBE TYPE
During operational testing of the Power Amp-
lifier in accordance with the Ranger thermal
profile, rapid decreases in output power were
observed after approximately 20 minutes of op-
eration. The problem was isolated to a change
in the interelectrode capacity in the amplifier
tube, type 3CX100A5, due to anode heating. The
heating, produced by normal anode dissipation,
caused the anode to expand, decreasing the
grid-to-anode spacing and therefore, increas-
ing the grid-to-anode capacitance. The condi-
tion is cumulative because detuning reduces the
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power output,which increases the plate dis-
sipation and results in increased anode heating.
A newly developed tube, type ML 7855, which
was specifically designed for temperature sta-
bility, replaced the type 3CX100A5 amplifier
tube in the Power Amplifier Assembly.
5. Dummy Load Assembly
Early experience in testing the Dummy Load
Assembly indicated that corona was developed
inside the unit while operating in a vacuum.
Many solutions to the problem were studied,
including the drilling of holes in the unit to
permit pressure equalization; however, the
best method appeared to be the hermetic seal-
ing of the original Dummy Load. The hermetic
method of sealing the Dummy Load, however,
provided no means for leak-testing the unit
after it was sealed. Installation of a valve was
not feasible because the small volume of air
inside the unit was insufficient to actuate an
externally connected gauge without consider-
able loss of pressure. Therefore, a pressur-
ized vessel patterned after the pressurized
housing used for the Power Amplifier As-
sembly was designed for the Dummy Load.
A pressure valve and a purge valve were
located on the center line of the cover with the
RF connectors at one end hermetically sealed.
The unit was designed to be accommodated in
the same relative position as the original Dum-
my Load.
6. Transmitter Power Supply Assembly
The initial design of the Transmitter Power
Supply was based on the use of a 120-watt
Transmitter. The design was changed to aunit
capable of supplying power for the 60-watt
Transmitter. Reductions of approximately 25
percent in weight and volume of the DC-to-DC
converter resulted from this change.
Heat problems were experienced with the large
chopper transistors which required that they be
mounted closer to the base of the power supply.
Special shields were added to the power supply
to prevent the magnetic fields generated inthe
unit from interfering with the camera
electronics.
The tantalytic input filter capacitors employed
were of double-case construction, rated for
85 ° C. High leakage currents through these
units caused deposit buildup between the inner
and outer seals that eventually shorted the
capacitor. As a result, the capacitor would ex-
plode and either open or remain shorted. The
deposit was caused by the outgassing of the
capacitor at the elevated temperatures en-
countered during temperature-sterilization
and thermal-vacuum tests, as well as testing
in ambient conditions.
The major source of high temperature within
the capacitors was the high switching current
that the Transmitter Power Supply was re-
quired to handle. Within a period of a few mil-
liseconds during transistor switching, twelve
amperes of current passes through two filter
capacitors. To eliminate this temperature-
related problem, new single-case, high-
reliability capacitors, rated for 125 ° C, were
installed in the Transmitter Power Supplies.
Several other changes to the Transmitter Pow-
er Supply were required. An auto-transformer
was added to compensate for the reduction in
filament voltage experienced with the incorp-
oration of the second IPA. The power trans-
former was redesigned, using a larger core
and larger wire for each winding. In addition,
the toroid was potted in silicon rubber plus
an outer coating of a new heat-conducting epoxy.
High-voltage relay failures were experienced
at the time of power turn-on due to the capa-
citive load which produced large surge cur-
rents. To correct this situation, 200-ohm,
current-limiting resistors were added to the
positive 1000-volt and negative 750-volt supply
lines.
The reliability of the Transmitter Power Supply
was greatly improved by these changes, and it
could now survive high-load current as well as
low-impedance short circuit and turn-on
transients.
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In addition, a small relay was added to the
power supply to reduce the current dratn on the
external -27.5-volt DC regulator. The two
high-voltage relays were slaved to the new re-
lay with the energizing voltage for the high-
voltage relays being obtainedfromthe-29-volt
unregulated supply.
7. Telemetry Assembly
a. 15- and 90-POINT TELEMETRY COMMUTATORS
During testing with daily temperature excur-
sions from -10 to +65° C (Ranger mission
operational specification}, the commutators
exhibited outputs which had a noise content
varying from 200 millivolts, peak-to-peak, to
open circuit.
Because of continuing difficulties experienced
with the commutators, itwas decidedto employ
a new design for the 15- and 90-point telem-
etry commutators.
The 15- and 90-point telemetry commutators of
the Telemetry Assembly experienced several
problems during the development of the initial
Telecommunications Group design. The ori-
ginal problem encountered with the com-
mutators was stalling of the motor before con-
clusion of the 500-hour operating time specified
for theseunits.
Investigation revealed that the stalling was due
to an accumulation of carbon particles in the
motor bearings, which were found to be nearly
void of lubricant. The deterioration of the lub-
ricant was attributed to the requirement that
the units be "burned-in,, at 100°C for 168 hours
as part of initial acceptance testing. The carbon
particles then accumulated from wear ac-
celerated by the lack of proper lubrication. As
a result of this problem, several modifications
were incorporated into the commutators.
The motor-bearing lubricant fill was increased
from the initial 15 percentto 40 percent, which
would increase bearing life by three or four
times. Fully sealed bearings rather than
shielded bearings were used in the motor, and
matched pairs of commutator brushes were
employed.
Following these modifications, problems were
encountered with noisy operation, which was
attributed to deposit buildup on the wiping con-
tacts caused by organic vapors in the atmo-
sphere. To eliminate thisproblem, the surfaces
of the contacts were coverecl with lubricant, and
the brush pressure on the commutators was in-
creased 10 to 15 percent.
The new commutators required an operating
current of 45 milliamperes in comparison to
the 90 to 120 milliamperes required in the
initial configuration. This was an important
factor when the split-system-design concept
was adopted. The basic design of the new com-
mutators was being used on other space pro-
grams, where there was a requirement to
operate in space for periods exceeding six
months. The commutator did not require an
air-conditioning unit and had operated in a vac-
uum for 1000 hours without a vacuum seal. The
design was capable of a leak rate of less than
1.75 x 10 -6 cc per second, whichwas sufficient
to maintain a reasonable internal pressure for
a period of six months. The commutator also
employed a "make-before-break" contact op-
eration similar to the original design; however,
since the unit was smaller, the dwell time was
greater, especially in the 90-point commutator.
During this dwell time, the wiper armis simul-
taneously in contact with the data point and
reference. Most of the telemetry data points
had source impedances in the 1-kilohm to 10-
ktlohm range and were being loaded down by
the pedestal source impedance of 1 ktlohm.
The resistance divider network was therefore
modified to increase the source impedance
to 20 kilohms. This source impedance would
still change data level during time of dwell,
but would limit current flow so that there
would be no damage to telemetry circuits.
The new-design commutators would be used
on all flights, starting with the Ranger VII
mission.
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b. 225-kc VOLTAGE-CONTROLLED OSCILLATORS
Difficulty was encountered in maintaining the
stability of the center frequency of the 225-kc
VCO during temperature variations. The re-
sistor used to provide temperature compensa-
tion was completely encapsulated, thus making
temperature compensation difficult and time-
consuming. A new-design 225-kc VCO was
procured. It was a heterodyned unit using a
300-kc crystal oscillator in conjunction with
a 75-kc FM modulator, whose outputs are
mixed and filtered to provide the required
225-kc output from the VCO. The new VCO was
tested over the temperature range of -10 to
+ 65 ° C. During a test period of one month,
the maximum frequency drift was _-287 cps
from the nominal center frequency. The speci-
fication limit is _500 cps.
8. Deletion of Signal Sampler and Right-
Angle Connectors
The Signal Samplers were removed from the
Telecommunications Group because of the loss
of RF power encountered during thermal-
vacuum testing of Flight Models 1 and 2. Severe
arcing occurred between the center conductor
and the shell of the Signal Samplers because of
their close spacing and the use of an air die-
lectric. The Signal Sampler could have been
designed to work properly if a solid teflon
dielectric had been employed between the shell
and center conductor; however, the removal of
the Signal Sampler permitted the elimination of
right-angle RF connectors from the communi-
cations equipment.
After the RF power dropouts were observed
during system tests, the qualification test
model (QTM) Transmitter chain, including
Signal Sampler {always included in acceptance
testing} and right-angle RF cable {never pre-
viously included in assembly-level thermal-
vacuum testing}, was thermal-vacuum tested.
No power dropouts were experienced at the nor-
mal unregulated bus voltage of -31.0 volts DC.
However, when the line voltage exceeded
-33 volts DC and the RF power outputfrom the
Power Amplifier was in the range of 70 watts,
a sudden increase in insertion loss due to the
Signal Sampler {approximately 2 watts or 0.15
db) was observed. The problem was attributed
to the Signal Sampler because a thermocouple
mounted on the unit indicated a radical increase
in the rate of temperature rise at the time that
the drop in power output was observed.
The QTM communications equipment was then
installed in the same 8-foot vacuum chamber
as Flight Model 2 TV Subsystem. Tests were
performed to determine source of RF power
dropouts and continued until all sources of
dropouts were isolated and eliminated. Proper
operation was not achieved until both signal
samplers and right-angle connectors were
removed from the Telecommunications Group.
The QTM communications equipment experi-
enced two power dropouts during a 20-minute
full-power operation; one dropout occurred at
3 minutes and the other at 8 minutes after
full-power application. However, the power
decreases were only 2 watts {0.4 db). These
dropouts were not as severe as those observed
during the tests on the Flight Models, but were
similar in nature.
The duration of the RF power dropouts varied
from less than one second to as much as 45
seconds before the normal level of power output
was regained. The degree of the power de-
crease was as great as 5 db. After removal of
the Signal Sampler and right-angle connectors,
these long-duration power dropouts were elim-
inated completely.
9. RF Connectors
With the removal of right-angle connectors
from the Telecommunications Group, RG142A-
U double-shielded coaxial cable was used to
connect both Power Amplifiers and the Dummy
Load to the Four-Port Hybrid. The connector
that was chosen was a 101-T, 180 ° C TNC
connector, which incorporated a wedgelock
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design that was superior to the conventional
design.
D. TELECOMMUNICATIONS DESIGN
MODIFICATIONS RESULTING FROM
SPLIT-SYSTEM CONCEPT
The split-system configuration was designed
to reduce the susceptibility of the TV Subsys-
tem to catastrophic assembly failures, so as to
improve the probability of achieving partial
mission success under nonstandard operating
conditions.
The two Transmitter chains of the TV Subsys-
tem were already independent, with the ex-
ception of the passive RF combining equipment.
The signal and power interfaces which were
common to the two transmitting channels were
external to the Telecommunications Group.
The incorporation of an Electronic Clock As-
sembly extended the original 10-minute full-
power operation to a one-hour mission
capability. The allowed time cycle to change
the overall Subsystem design to the split-
system configuration was sufficient to incor-
porate improvements into the communications
design.
The need for certain modifications was ap-
parent during system and integration testing;
however, with the extended one-hour mission
capability requirement, these changes became
a necessity.
1. Transmitter Assembly Modifications
With the conversion of the TV Subsystem to a
split-system configuration, the Channel A
Transmitter would process only F-Camera
video data, and the Transmitter and its assoc-
iated assemblies were designated as F-Chan-
nel. Similarly, the Channel B Transmitter
Assembly would transmit onl:_ the P-Camera
video data, and the transmitter and its assoc-
iated assemblies were designated as P-
Channel.
a. MODULATOR CIRCUIT
(1) Elimination of Camera Switchover
The new communications concept of transmit-
ting F-Camera video data over one trans-
mitter and P-Camera video data over the other
transmitter permitted the elimination of the
P-video input line from the Video Combiner to
the modulator of the Channel A (F-Channel}
Transmitter, which was used to switch P-
Camera video into this modulator during the
final minute before impact. Also, a 316-ohm
summing resistor and an external 50-ohm
dummy load were replaced by a 422-ohm
resistance to ground.
(2) Video Data Amplifier
During testing of a flight-model modulator cir-
cuit, the power dissipation of the video-data-
amplifier stage (a 2N338 transistor} was found
to be between 40 and 130 milliwatts. The
component had a maximum dissipation rating
of 130 milliwatts, and was replaced by a later
version of the same transistor, a 2N338A.
The new unit was found to have superior thermal
characteristics and provided a significant im-
provement in long-term center-frequency
drift. Figure 128 shows the center-frequency
shift of the modulator with respect to time for
both transistors and indicates a 2-to-1 reduc-
tion in frequency shift when the 2N338A unit
is used.
Data obtained on modulating response at op-
erating temperatures of -10, + 25, and + 60 ° C
indicated that the rate response was essentially
identical to the 2N338 unit.
(3) Rate Response
The modulator was modified to improve the
rate response and to provide a better output
for emergency-telemetry data. Improvement
of rate response involved tedious selection of
components to meet specification requirements
over the entire temperature range of +10 to
+ 65 ° C.
147
O.
U_ 19,989,600
0
W
ew 400
U.
uJ 200
I-
Z
000
19,988,800
..J
600
0 0
_,_ __ 2N/3RA
%.
%.
CONDITIONSRoOMTEMP _'_'_"_"< _,o _J'_
NORM VOLTAGE
1 I 1 I
25 50 75 IO0
TIME (MINUTES)
Figure 128. Modulator Center Frequency Drift with Re-
spect to Time
b. ELIMINATION OF SECOND IPA
Foremost among the improvements incorpora-
ted into the communications equipment was the
elimination of the second intermediate power
amplifier circuit from the Transmitter As-
sembly. The elimination of this circuit was
desired for the following reasons:
• It was difficult to tune three power amp-
lifters to obtain a good power-output pro-
file over the extremes of the qualification
temperature ranges;
• The individual plate current to each am-
plifier could not be monitored separately;
and
• Three vacuum-tube amplifiers, instead of
two, reduced the reliability of the com-
munlcatlons equipment.
Several circuit modifications were incorpo-
rated to improve the frequency stability, power
margin, and reliability of the X12 frequency
multiplier circuit. Frequency stability was im-
proved by changing the input to the second
transistor-amplifier stage to prevent the spu-
rious frequency oscillations previously en-
countered if the modulator drive power
increased significantly. An improved bias
circuit was provided for the first stage of
the Class C cascaded transistor amplifier
circuit between the frequency-doubler and-
tripler stages of the X12 multiplier. The
final stage of the Class C transistor ampli-
fier was replaced to provide higher power out-
put and higher dissipation. These circuit
modifications permitted the removal of the
3-db attenuator at the output of the X12 multi-
plier, which increased the RF driving power
to the X4 multiplier to 2.5 watts.
The X4 multiplier design had a multiplication
loss of 8.2 db, and provided 150 milliwatts of
driving power at 960 Mc to the first IPA, with
a 1-watt input from the X12 multiplier circuit.
It was possible to improve the X4 unit to obtain
the theoretical minimum multiplication loss of
approximately 3 db. Withthe higher output from
the X12 unit and elimination of the 3-dbattenu-
ator, the multiplied signal output from the X4
multiplier was 1 watt minimum, which was
more than sufficient to drive a single IPA stage
to provide an 8-watt RF output. The 60-watt
Power Amplifier required a minimum driving
power of 4 watts.
To provide the additional drive power to the
IPA, the following changes were incorporated
in the X4 multiplier circuitry:
• A series-resonant network was added to
the input circuit of the X4 multiplier; and
• Modifications were made to the X4 output
coupling loop to improve the impedance
match between the X4 multiplier and
IPA.
Fixed bias was attempted; however, it was
necessary to return to zener-diode-controlled
bias. Two mechanical modifications, a new
varactor holder, and a more rigid method of
mounting the cap on the 960-Mc cavity, were
also installed.
As a result of these modifications, an improved
X12 and X4 frequency-multiplier network was
achieved, which provided an adequate drive
level for the final Power Amplifier with only
one IPA stage. Figure 129 shows the two-IPA
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Figure 129. Transmitter Modification Resulting from Elimination of Second I PA Stage
and present Transmitter configurations, and
indicates the RF output drive power from each
stage.
Under certain conditions, the X12 andX4 multi-
plier combination could be tuned so that
spurious frequency sidebands or oscillations
were produced. A tuning procedure was there-
fore evolved whereby the frequency stability
could be determined by detuning the X4 input
cavity. In addition, after tuning, each Trans-
mitter Assembly was subjected to a number of
temperature cycles over the range of -10 to
+ 60 ° C and carefully monitored for any evidence
of spurious oscillations.
2. Transmitter Power Supply
Minor circuit modifications were incorpo-
rated into the reduced-power (pad checkout)
and emergency-mode circuitry of the Trans-
mitter Power Supplies for split-system con-
figuration. These modifications were limited
to component-part additions, deletions, or
changes necessary to ensure truly independent
two-channel operation.
3. Pressure Vessels
The pressure vessels used to maintain an
equalized pressure for proper operation of the
IPA, Power Amplifiers, and Dummy Load were
modified slightly. All O-rings were replaced
with new high-temperature-ratedunits because
of the new one-hour operational requirement.
The design of the pressure valve on the pres-
sure vessels was also changed to enable pres-
sure to be maintained over the imposed
environmental test limits.
E. ADDITIONAL MODIFICATIONS TO
THE TELECOMMUNICATIONS GROUP
During the period from the modification to
split-system design to the launch of Ranger
VI, several studies, test programs, anddesigu
changes were performed that directly affected
the design and performance of the Telecom-
munications Group.
1. X12 Frequency Multiplier Circuit
During Subsystem modification to the split-
system design, the output of the X12 multiplier
was increased to 2.5 watts by the replacement
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of the second transistor inthe cascaded ampli-
fier stage between the frequency doubler and
tripler stages. The transistor incorporated to
provide the increased power output was a type
SNl15. However, thisunitwas replaced because
of difficultyinmeeting the thermal-resistance
specificationof 15° C per watt.A stud-mounted
transistor, type SN169, employed the same
junction as the SNl15 transistor, but had supe-
rior thermal characteristics, i.e., a thermal
resistance of 8° C per watt. Analysis showed
that the maximum junction temperature of the
SN169 transistor was 128 ° C. Measurements
of voltage, current, power, and temperature
characteristics of the unit indicated that the
SN169 transistor could be employed with only
minor retuning of the X12 multiplier necessary
to achieve proper performance. The SN169
transistor was incorporated into the cascaded
amplifier stage of the X12 frequency multiplier.
2. IPA Transient Problems
During thermal-vacuum testing, the F-Channel
Transmitter Assembly failed when the TV Sub-
system was switched from the warm-up mode
to the full-power mode of operation. The trans-
mitter failure was attributed to a Gl-to-G2
short in the IPA tube, type 7870, and was
accompanied by a secondary failure in the
Transmitter Power Suply due to the resulting
high current surge. The failed amplifier tube
indicated extremely heavy conduction and arc-
ing between the cathode, control grid (G1),
screen grid (G2), and plate. The tube had with-
stood many cycles of arcing before the final
breakdown occurred.
A investigation of the IPA circuitry was per-
formed to provide a comprehensive analysis
of voltage and current transients present at
the instant of full-power application. Figure
130 shows the circuit connections of the IPA
tube in the Transmitter Assembly.
During warm-up mode when operating voltages
are applied to the rectifier circuits in the
Transmitter Power Supply, the IPA tube is
prevented from conducting by relay K2 being
open. There is no load connected to the screen-
grid power supply, which presents an infinite
impedance (open circuit) for the plate power
supply. Capacitor C2 then charges to the full
value of plate supply voltage through resistors
R5 and R6. This arrangement was employed
so that no DC voltage with respect to ground
would be present at the tube during warm-up.
Closure of relay K2 at full-power turn-on con-
nects the control grid to the -250 and-750 volt
common lead, causing normal operating volt-
ages to appear at the tube elements.
TRANSMITTER POWER SUPPLY
BRIDGEm
470K
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Figure 130. IPA Circuit Configuration
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Measurements made on the circuit of Figure
130 revealed that a potential difference of 900
volts was present between the screen grid and
control grid at the instant of turn-on, drops to
approximately 725 volts within a few micro-
seconds, and then slowly drops to approxi-
mately 250 volts over a period of 0.8 second.
The high-potential difference causes arcing,
resulting in destruction of the control grid, and
damage to the screen grid and cathode.
To eliminate the high transient voltages and
currents induced at turn-on, minor circuit
modifications were incorporated into the IPA
and Transmitter Power Supply. These modi-
fications are shown in Figure 131 and were:
• Removal of resistor R5 (1 megohm) be-
tween the plate and screen-grid power
supplies;
$ Addition of a 100-kilohm resistor across
the terminals of the G2 power supply to
reduce the open-circuit voltage;
• Change in value of resistor R8 from 120
to 68 kilohms to reduce the discharge
time of capacitor C3 and further stabilize
the screen-grid circuit; and
$ Change In values of bleeder resistors R3
and R4 of the Transmitter Power Supply
from 470 to 220 kilohms.
TRANSMITTER POWER SUPPLY
J +1 _ 1 IRECTtFtER I -1",5/_F :_ vR I:
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Figure 131. Modified IPA Circuit Configuration
With the circuit changes incorporated, a worst-
case analysis was performed on an unregulated
supply voltage of -33 volts to determine the
levels of transient voltage that might still be
present.
The resultant test data indicated that the maxi-
mum instantaneous voltage developed between
the control grid and the screen grid (peak Eg 2
-Egl) at turn-on was 415 volts. This levelw_s
well below the rated instantaneous value of 500
volts, and less than half the instantaneous value
of 885 volts whtchwas present before the circuit
modifications were incorporated.
As a result of the IPA tube failure during the
thermal-vacuum testing of the TV Subsystem
and the ensuing Transmitter Power Supply
transient overvoltage investigation, all Trans-
mitter Power Supplies were modified.
Further evaluation of the IPA tube, type 7870,
was performed in order to determine the
reliability of the tube under varyingconditions
of unregulated supply voltages and voltage
overload conditions.
In the evaluation, different tubes were operated
in an IPA cavity for periods of 100 hours at
ambient temperature conditions. Tests were
performed with low, nominal, and high unregu-
lated supply voltages. In another test, a tube
was operated for 24 hours to determine the ef-
fects of overload voltages on performance.
The results of the evaluation indicated excellent
tube stability, and the IPA cavity employed was
operated for approximately 1000 hours withno
power dropouts or arcing observed. All tubes
us ed in the 100-hour tests exhibited power devi-
ations of less than 2.5 percent, with some units
displaying deviations of less than 2.2 percent. In
the 24-hour overload evaluation, all tubes
tested operated satisfactorily with a 12-percent
voltage overload.
3. Four-Port Hybrid Development
Throughout the development of the communica-
tions equipment for the Ranger TV Subsystem,
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RF power dropouts were considered a serious
problem. The occurrence of major power drop-
outs was eliminated by removal of the signal
samplers and all right-angle RF connectors
from the Telecommunications Group; however,
short-duration, low-amplitude power fluctua-
tions were continuously encountered during
Subsystem tests. These power fluctuations
were detected on power-recording equipment,
but were not accompanied by a corresponding
loss of video information.
During thermal-vacuum tests on the Proof Test
and Life Test Models of the TV Subsystem, RF
power fluctuations attributed to DC arcing were
encountered. The levels of these decreases in
RF power output had sufficient magnitude that a
corresponding interference was detectable in
the tape-recorded video signal at atime coinci-
ding with the power fluctuations observed on an
RF power recorder.
An extensive study and test program were per-
formed in an effort to determine the source of
RF breakdown at L-band frequencies. Initial
tests at an increased output power level of 85
watts revealed fairly consistent RF breakdown
of the type encountered during the thermal-
vacuum tests of the PTM. The results of tests
at power levels of 85 watts coupled with a re-
search study into the theory of RF breakdown
led to the decision to perform tests on the RF
combining and output components at power
levels of 120 watts per channel. For these high-
power tests, radioactive cobalt 60 was em-
ployed as a radiation source to accelerate the
time required for RF breakdown to occur at a
specified power level.
In conjunction with the high-power tests, an
investigation of the performance of the Four-
Port Hybrid Assembly at medium-power levels
was performed to evaluate the possibility of a
redesign of the Four-Port Hybrid.
In the medium-power tests, two engineering
test models (ETM) Transmitters were used to
drive two Power Amplifier Assemblies in
cascade to obtain 100 watts of output power.
The power delivered to the RF cables and
Four-Port Hybrid, in a vacuum chamber,
exceeded 85 watts.
As a result of these tests and a simultaneous
design and test program on a stripline version
of the Four-Port Hybrid Assembly, the Four-
Port Hybrid of the TV Subsystem was changed
to the stripline design. Excellent test results
were achieved withthis unit and power-fluctua-
tions were greatly reduced. The stripline Four-
Port Hybrid Assembly was incorporated into all
flight models of the Ranger TV Subsystem.
a. MICROWAVE BREAKDOWN IN LOW-
PRESSURE ENVIRONMENTS
The operation of high-power RF equipment in a
space environment requires the consideration
of two types of RF voltage breakdowns.*
• An ionization, partial-vacuum break-
down; and
,b A multipactor, or hard-vacuum break-
down.
Although a multipactor breakdown was never
identified as such during the development of the
communications equipment, the existence of
such a breakdown possibility was recognized
and investigated. Figure 132 is a pictorial
representation of the two types of breakdown
considered; the ionization breakdown occurring
at the higher pressure of several torr, andthe
multipactor breakdown occurring at the lower
pressures.
Both types of breakdowns depend upon the form-
ation of free-charge carriers withinthe break-
down gap. The ionization breakdown, as the
name implies, depends upon the ionization of
the intervening gaseous medium as its source
of charge carriers.
*Breakdown is defined as the bridging of a gap by an electron
avalanche, which is manifested as a visible spark or drop in
output power.
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The multipactor breakdown requires a certain
combination of electric-field intensity, fre-
quency, pressure, and boundary conditions to
net an increase in free charges. This process
depends on the secondary emission character-
istics of the gap boundaries as the source of
free charges.
The RF dropouts experienced duringthe initial
system tests of the Ranger TV Subsystem oc-
curred only in test-chamber vacuums of 10 -4
torr or less. Moreover, RF dropouts o_curred
only during integrated Subsystem Tests which
allowed a vacuum soak of 66 hours before ap-
plication of power. Therefore, itwas reasoned,
the power dropouts were multipactor dis-
charges occurring in the lower pressure
regions indicated in Figure 132.
m ,--I, | i I I I I I
i0 -e 10 -6 i0 -4 i0 -2 i0 ° i0 2 i0 4
PRESSURE ( TORRI
Figure 132. Multipactor and Ionization Breakdown
Carves
An examination of available literature indicated
two important characteristics of the multi-
pactor breakdown. First, the multipactor
breakdown is a random phenomenon dependent
on the velocity and position statistics of free
electrons to initiate the breakdown process.
To eliminate or reduce the effects of this
stochastic dependence of the breakdown and
to increase the probability of obtaining a break-
d o w n within a specified period, another,
electron-producing mechanism was intro-
duced. The second electron-producing phe-
nomenon was of the form of an external gamma
radiation. The gamma radiation incident on the
gap boundaries results in the scattering of a
large number of free electrons into the break-
down gap.
The presence of a gamma emitter such as co-
balt 60 increased the probability of the occur-
rence of random voltage breakdown without
altering the threshold breakdown power level.
The elimination of the random characteristic
of a multipactor breakdown was an important
practical requirement. The time between ap-
plication of power and a breakdown is dependent
on this characteristic. Indeed, the presence of
the isotope has been known to reduce the waiting
period to minutes instead ofapossible interval
of hours.
A second important consideration of the multi-
pactor breakdown is its dependence on power
level. This second breakdown characteristic
indicated a need for investigating the break-
down susceptibilities of the communications
components at power levels other than the sys-
tem level of 60 watts. Two reasons for this
are: (1) The elimination of breakdown power
levels between the "off" condition and the Sub-
system operating level to prevent turn-on prob-
lems; and (2} The removal of marginal
breakdown areas dangerously near 60 watts.
A theoretical multipactor discharge is purely
reactive, with the electron current in the break-
down gap lagging the applied voltage by 90 ° .
However, the practical results andlmplicattons
of a space charge in which a swarm of electrons
is under the influence of the applied electric
field alters the ideal situation. The net effect of
the space charge changes the breakdown so that
it appears as a complex impedance with a re-
sistive and reactive component. The resistive
portion of the breakdown implies power dissi-
pation and localized heating.
b. INITIAL MICROWAVE BREAKDOWN TESTS
The RF breakdown investigation included the
heating aspect of the multipactor discharge by
placing thermocouples in areas suspected of
supporting any RF breakdowns. Power meters
were employed in the RF input line to the Four-
Port Hybrid to detect the change in character-
istic impedance of the 50-ohm lines caused by
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a breakdown.TheRFpowermeterswereem-
ployedin theoutputlines to detectchangesin
RF power passingthroughtheRF-combining
equipmentundertest. Thetest setupis shown
in Figure 133.
POitERI =]ME"ER ] RECORDER _
I ) ,"o I l°ete,ctorl
,,,_°,",,,_I I OS¢'LLO-I
Figure 133. Test Configuration for Multipactor and Ioni-
zation Breakdown Tests
The communications equipment was placed in a
vacuum chamber, the cobalt 60 was positioned,
and a vacuum of 10 -4 torr or less was es-
tablished. After four hours in this environment,
input power was applied to the RF-combining
equipment at varied discrete steps, searching
for multipactor discharges sensitive to power
level.
The power-level test ranged between a low
value of 40 percent under the operational level
of 60 watts and a high level of 100 percent
overload. The power-level interval between
zero and 40 percent under operational level was
explored by successive equipment turn-on.
The ascending power profile was interlaced
with the descending power sequence to realize
12 different power levels as shown in Figure
134. An oscilloscope was carefully monitored
for RF dropouts during each change in power
level. Close observation during power-level
transitions was necessary to ensure the ab-
sence of narrow-power-level, multipactor
breakdowns.
This test series revealed extensive defi-
ciencies in RF connectors used on the RF
cables. Although malfunctions occurred during
these tests, the breakdowns could not be posi-
tively identified as multipactor discharges be-
cause of the inability to establish the true
pressure level in the breakdown gap.
The flight RF connectors were of two manufact-
ured types of the TNC series. As shown in Fig-
ure 135, the two types ofeonnectorspossessed
dielectric interfaces and voids which offered a
straight-line breakdown path betweenthe inner
and outer conductors. Considerable blackening
was also observed in these areas when the con-
nectors were disassembled.
Connectors of these types experienced RF volt-
age breakdowns at power levels as low as 40
watts at the frequency of 960 Mc. This break-
down power-level represented a deficiency of
30 percent below the Subsystem operating level.
Since it was desirable to increase the power
rating of the connectors beyond the Subsystem
level of 60 watts, a connector redesign was
initiated.
Recognizing the inability to eliminate voids be-
tween cables and connector dielectrics, the
connector redesign utilized well-established
techniques of high-voltage design. These design
techniques included the overlapping-dielectric-
interface modification illustrated in Figure
136. As shown, the breakdown path was forced
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Figure 134. Multipactor Breakdown Incident Power
Profile
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Figure 135. Ranger Flight RF Connectors
on the TV Subsystem. However, RF power drop-
outs persisted in subsequent retesting of the
assembled communications and TV Subsystem.
The magnitude of the dropouts varied from
several-tenths of a db to one db, as initially
observed, but the dropouts were reduced in
frequency.
Since the Four-Port Hybrid Assembly was the
only unpressurized air-dielectric microwave
device remaining on the TV Subsystem all
activity centered on this component in a re-
examination of the RF power dropout problem.
This device consisted of a rigid, rectangular,
cross-sectional center conductor supported by
teflon beads within a hollow rectangular an-
nulus. The annular ring comprised the mech-
anical package and outer conductor as an
integral part. Four TNC connectors attached
to the ring section provided the means of making
external connections. A typical connector-ring
cross section viewed from the center of the ring
appears in Figure 137.
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DtELECTRIC
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Figure 136. Modified RF Connector Designed to Impede
RF Voltage Breakdown
"around corners" with a resulting increase in
path length. The dielectric void was designed
to be in the lower electric fields near the outer
conductor. This modified connector-cable as-
sembly was tested at power levels up to 140
watts without any detectable voltage break-
downs.
The remaining RF components were success-
fully cycled through the test and were installed
TEFLON
CONNECTOR
DIELECTRIC
vH HH........  TER
Figure 137. Coaxial Four-Port Hybrid Connector Cross
Section
c. MODIFICATION OF THE COAXIAL FOUR-
PORT HYBRID
Further testing of the Four-Port Hybrid re-
sulted in continued occurrences of RF power
dropouts. In an effort to eliminate these break-
downs, a 0.020-inch teflon sleeve was inserted
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around the center conductor as illustrated in
Figure 138. This modification was incorporated
in an attempt to disrupt the resonance of a
multipactor discharge by altering the electric-
field strength, and changing the transit time
between boundaries. Further assembly-level
multipactor testing of the modified Four-Port
Hybrid revealed no evidence of RF voltage
breakdowns and the unit was installed on the TV
Subsystem for test.
RECESSED
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raised about the outgassing efficiency of a small
component, such as the Four-Port Hybrid,
while immersed in the atmosphere of a larger
space vehicle. The TV Subsystem might, in ef-
fect, be outgassing into the Four-Port Hybrid.
Verification of this condition would explain the
successful operation of an isolated Four-Port
Hybrid and the marginal performance of an
integrated Four-Port Hybrid.
To determine the feasibility of the existence of
a dangerous outgassing condition, the Four-
Port Hybrid was placed in a vacuum chamber
and required to operate through the cycled
pressure environment illustrated in Figure
139. This new requirement exposed the Four-
Port Hybrid to the hazards of a partial-vacuum,
ionization breakdown centered about the crit-
ical pressure of 1 tort depicted in Figure132.
The term "critical pressure" is used to indi-
cate the pressure level that coincides with the
minimum breakdown voltage or power level that
exists in the vicinity of 1 torr.
Figure 138. Solid-Void Dielectric Modification of the
Four-Port Hybrid Connector
Testing of the integrated TV Subsystem in a
thermal-vacuum environment resulted in re-
newed RF power dropouts. It was now obvious
that there was a deficiency that was manifested
in the form of RF breakdowns only in simulated
missions of an assembled TV Subsystem.
An examination of data, accumulated from the
many hours of tests performed on an isolated
Four-Port Hybrid and on an integrated Four-
Port Hybrid, led to the following conclusions:
The 0.5-db total insertion loss of the Four- Port
Hybrid required approximately 8 watts dissipa-
tion within the Four-Port Hybrid with both
transmitters operating. This level of power
dissipation could lead to internal surface heat-
ing with subsequent release of trapped gases.
If this were the case, the presumption of achiev-
ing a safe-operating vacuum level was ob-
viously in jeopardy. In addition, a question was
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Figure 139. Cycled Pressure Environment of the Ioni-
zation Breakdown Test
Figure 139 shows a typical pressure profile
achieved in actual test. Care was exercised to
prevent rapid change through the critical
pressure area, but this was not as acute as
might be expected. A very high input power of
120 watts had the effect of broadening the
range of pressures at which breakdowns would
occur. Erratic performance of the Four-Port
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Hybrid was obtained at pressures between 100 
torr  and 10” torr. 
With 120 watts of RF power applied to each in- 
put connector, the modi€ied Four-Port Hybrid 
exhibited sustained voltage breakdown over a 
100-torr range centered at approximately 1 
torr. Moreover, it was determined that the 
Four- Port Hybrid suffered from ionization 
breakdown at incident power levels as low as 
14 watts at 960 Mc. 
These test results illustrated the need for a 
new design that eliminated the air dielectric 
of the existing Four-Port Hybrid. The success 
achieved with the solid-dielectric, coaxial con- 
nectors naturally led to the consideration of a 
solid-dielectric, coaxial Four- Port Hybrid. To 
incorporate a solid dielectric in the existing 
Four-Port Hybrid required a change in the 
conductor radii to maintain the 50-ohm char- 
acteristic impedance. Therefore, a more 
suitable means of achieving the soliddielectric 
appeared to exist in a newly designed stripline 
device shown in Figure 140. However, little was 
known about the maximum RF power capability 
of a stripline device operating through the re- 
quired vac1111m environments. 
In an effort to answer these questions andwith 
the apparent advantages of stripline as an in- 
centive, a new design of the Four-Port Hybrid 
Assembly was completed. Particular attention 
~~ ~~ ~ 
Figure 140. Drawing of the Stripline Four-Port Hybrid 
Assembly 
was focused on details to ensure the exclusion 
of voltage-breakdown possibilities. Since the 
stripline represented a homogeneous, solid- 
dielectric transmission line which formed the 
ring portion of the Four-Port Hybrid, it was 
inherently immune to breakdowns. However, 
the attaching TNC connectors represented a 
potential area of trouble. To eliminate the pos- 
sibility of breakdowns forming along the inter- 
face between the connector and stripline 
dielectrics, a dielectric-overlap technique 
similar to that successfully employed in the 
connector redesign of Figure 136 was used. 
This was accomplished by forming a recess in 
the stripline dielectric which received the con- 
nector dielectric, as illustrated in Figure 
141. 
Another potential trouble area was the method 
of mating the connector center conductor to the 
stripline center conductor. A suitable con- 
nection (Figure 141) was realized by extending 
the connector center conductor beyond the 
stripline center conductor to facilitate in- 
clusion of a solder fillet. 
The completed stripline Four- Port Hybrid is 
shown in Figures 142 and 143. 
d. QUALIFICATION TESTING OF THE STRIP-LINE 
FOUR-PORT HYBRID ASSEMBLY 
The new-design stripline Four-Port Hybrid 
A s s e m b l y  was subjected to a complete 
GR( 
PL 
CONNECTOR DIELECTRIC 
DIELECTRICS 
B O T ~ O M  STRIPLINE 
GROUND CENTER 
PLANE CONDUCTOR 
Figure 141. TNC Connector Mating in Stripline Four-Port 
Hybrid Ring 
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Figure 142. Components of the Stripline Four-Port Hybrid 
Figure 143. Assernbl d Stripline Four-Poi 
Assern bly 
I 
qualification test program. The purpose of 
this test program was to verify the confidence 
of the design under varied conditions of vacuum, 
temperature, and incident RF power. 
Prior to the start of actual qualification test- 
ing, the Four-Port Hybrid exhibited electrical 
characteristics as listed in Table 32. Mech- 
anical environmental tests (shock, accelera- 
tion, and vibration) were then performed with 
no RF input to the assembly. N o  degradation 
of the electrical characteristics was observed 
after these tests, 
TABLE 32 
ELECTRICAL CHARACTERISTICS OF 
FOUR-PORT HYBRID ASSEMBLY 
Characteristic 
Input VSWR 
(51) 
(53) 
Insertion Loss 
(51-54) 
(53-52) 
Isolation 
(51- 53) 
Value 
1.04:l 
1 . 0 2 3  
3 . 0  db 
3 . 0  db 
41 db 
A t  the conclusion of these tests, the Four-Port 
Hybrid was placed in a bell-jar vacuum cham- 
ber in preparation for ionization-breakdown 
and multipactor-breakdown tests, which were 
performed with high-power test equipment. 
Eight millicuries of cobalt 60 were used as a 
radiation source in the multipactor-breakdown 
test, while no radioactive material was em- 
ployed in the ionization-breakdown test. 
The ionization-breakdown test was performed 
to detect any RF dropouts associated with 
partial pressures within or  around the Four- 
Port Hybrid. In this test, a minimum of 120 
watts of RF power was applied to each input 
port (J1 and 53) of the Hybrid in a cycled pres- 
sure environment, as  illustrated in Figure 
139. 
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While the input power was continuously main-
tained at 120 watts incident, the Four-Port
Hybrid was subjected to 12 pressure cycles,
for a total test time of l 2 hours . No power drop-
outs or unexplainable power variations were
observed ddring the course of this test.
One 2-millicurie cobalt-60 capsule was then
placed in physical contact with each input con-
nector of the Four- Port Hybrid and the bell jar
was evacuated and stabilized at a pressure of
6 x 10 -5 tort after 33 hours.
While maintaining the vacuum-chamber pres-
sure below 1 x 10 -4 tort, the input RF power
level to each input port of the Hybrid was step-
ped through 123, 102, 83, 69, 58, 48, 52, 63, 77,
92, 111, and 137 watts. The first and last levels
were maintained for a 1-hour interval, while
each of the other levels was 45 minutes in
length.
Figure 144 is a plot of significant temperature
positions monitored throughout the test. There
was no evidence of RF breakdown or other un-
explainable output-power variations duringthe
multipactor-breakdown test.
The electrical characteristics of the Four-Port
Hybrid after breakdown test, are listed in Table
33. These measurements revealed no radical
change in electrical characteristics of the unit.
Therefore, the stripline design Four-PortHy-
brid was incorporated into the Telecommunica-
tions Group.
Since the multipactor-testing techniques had
failed to detect all breakdown possibilities of
the coaxial Four-Port Hybrid, all components
TABLE 33
ELECTRICAL CHARACTERISTICS
OF FOUR-PORT HYBRID
AFTER BREAKDOWN TEST
Characteristic Value
Input VSWR
(J1)
(J2)
Insertion Loss
(Ji-J4)
(J3-J2)
Isolation
(Ji-J3)
3.1db
3.0db
42 db
II0
i00
90
i 80
70
60
50
=.1
I-- 40
30
0
0
TC NO 2 WITHIN I°C HIGHER THAN TCNO I
TC NO 3 WITHIN 6°C HIGHER THAN TCNO I
TC NO. 5 WITHIN 3°C HIGHER THAN TC NO. I
TC NO. 6 WITHIN 6°CHIGHERTHANTCNO. I
2 MILLICURIE COBALT-60 SOURCE
THERMOCOUPLE (TC)
TC NO. 4
r _ s _d i
,.4. 4"
/_" .... _ _ _" _ _. _--' "" _ ,-,-" .,,,,,,,q_" °"_' TC NO. 7
I I I I I I 1 I I I
I 2 3 4 5 6 7 8 9 I0
ELAPSED TIME (HOURS)
Figure 144. Temperatures of Four-Port Hybrid During Multipactor Breakdown Test
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that successfully passed this test were subse-
quently exposed to the cycled pressure en-
vironment of the ionization-breakdown tests. It
was determined through these tests that no RF
dropout problems existed in the other compo-
nents utilized in the 60-watt RF chain. Thus, it
was evident that the pressurized 60-watt Power
Amplifiers, the pressurized 50-ohm Dummy
Load, the solid-dielectric cable assemblies,
and the solld-dielectric Four-Port HybridRing
possessed the ability to operate through all vac-
uum environments.
The results of the development and test pro-
gram were confirmed by the complete absence
of RF power dropouts that could be ascribedto
ionization or multipactor breakdown in subse-
quent TV Subsystem or spacecraft tests.
F. DESIGN MODIFICATIONS RESULTING
FROM RANGER Vl FLIGHT EVALUATION
An evaluation of the failure of the Ranger VI
Spacecraft to achieve the mission requirement
of obtaining detailed pictures of the lunar sur-
face led to a redesign of the TV Subsystem in
areas where potential failure modes existed.
Although the major redesign effort during this
period was concentrated on the Command and
Control circuitry, several design modifications
and reliability measures were also incorpora-
ted into the the telecommunications design to
provide a higher degree of confidence in the
performance of the communications equipment
and to enable a more refined evaluation of TV
Subsystem status throughout the mission.
The modifications specifically related to the
Telecommunications Group were limited to a
revision of telemetry logic during launch,
cruise mode, and terminal mode, and to a re-
finement of the telemetry monitoring circuitry
located throughout the other functional groups
of the TV Subsystem. There was no direct elec-
trical redesign of the communications equip-
ment as a result of the post-Ranger VI analysis;
however, certain reliability measures were
instituted for the purpose of increasing the
probability of mission success. One major reli-
ability modification was the extensive employ-
ment of conformal-coating and encapsulating
materials to alleviate potential failure mech-
anisms and improve margins of operation.
Also, the application of high voltage to the
Transmitter Assemblies during the critical-
pressure conditions of the launch environment
was prevented by the physical isolation of
regulated DC operating voltage from the Trans-
mitter Power Supply Assemblies during this
period.
1. Conformal Coating and Potting of
Subassemblies
Conformal coating was applied to all high-volt-
age terminals and on all subassemblies that
did not carry RF power. Conformal coating was
also used extensively for vibration-damping
purposes, especially in the Transmitter Power
Supplies where severe motion of components
was detected during vibration testing.
Various components throughout the telemetry
and communications equipment were encapsu-
lated with specific potting materials to improve
the mechanical, thermal, or electrical charac-
teristics of these units. Again, encapsulation of
components was carried out extensively in the
Transmitter Power Supplies.
2. Revision of Telemetry Logic
The redesign of the Command and Control
Group resulted in the elimination of the com-
mand switch from the TV Subsystem. Withthis
design change, the emergency-telemetry mode
of operation, during which the 90-point diag-
nostic telemetry data directly modulated the
F- and P-Channel Transmitter Assemblies in
the event of malfunction, was deleted. In order
to provide a more meaningful utilization of the
telemetry points monitored throughout the TV
Subsystem, a revised logic of telemetry opera-
tion was devised.
In the modified telemetry operation, 15-point
telemetry data were available prior to launch
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and/or throughout the launch phase by ener-
gizing the "cruise-on" relay in the ground-
control equipment, which activates the LCVR
and applies operating power to the 15-point
commutator and the Channel-8 3-ke VCO In
this mode, the 15-point telemetry data are
applied to the Channel-8 3-kc VCO of the
Telemetry Assembly for transmission over the
Spacecraft Bus Transponder. If the 15-point
telemetry data were not commanded prior to
launch, the closure of a hydraulic-timer relay
in the spacecraft Bus, at Agena separation plus
30 minutes, provided this data for the duration
of cruise mode. At the initiation of the warm-up
mode of operation by a CC&S or RTC-7 com-
mand, the 15-point telemetry data were re-
moved from the Channel-8 VCO, and 90-point
diagnostic telemetry data were then trans-
mitted over Channel 8 at this time. Simultane-
ously, the 15- and 90-pointtelemetrydatawere
applied to 225-ke VCO's for transmission over
the F- and P-Channel transmitters, respec-
tively, at the initiation of terminal-mode opera*
tion (80-seconds after the start of warm-up
mode).
The advantages associated with this revised
telemetry logic were:
• 15-polnt telemetry data are available
during the entire launch phase;
• 90-point telemetry data could be analyzed
during the warm-up mode; and
• 15-point telemetry data are available
during terminal mode.
3. Modifications to Telemetry-Monitoring
Circuits
a. HIGH-CURRENT VOLTAGE REGULATOR
ASSEMBLIES
The telemetry circuit in the F- and P-Channel
High-Current Voltage Regulators was modified
to provide increased resolution of telemetry
outputs for the battery voltages and regulated
output voltages. This modification involved
the replacement of a portion of a series-
resistor network with a matched-pair ofzener
diodes that act as a constant 22.5-volt source
in series with the regulator sensor.
In the original telemetry circuit, the resistor
chain consisted of a 150-kilohm and a 30-kilohm
resistor in series. Consequently, withthe 5-to-
1 ratio between these series resistors, a 1-volt
change in the 27.5-volt regulated voltage ap-
peared as a 3.63-percent change in the
telemetry readout.
In the modified telemetry circuit, all changes
in the regulated output voltage appear as a
change in the differenqe between the regulated
output voltage and the constant zener-diode
voltage. The difference between the regulated
output voltage (27.5 volts) and the zener-diode
voltage (22.5 volts) is 5 volts, so that a 1-volt
change in the regulated output voltage appears
as a 20 percent change in the telemetry read-
out. This represents a 5.5-to-1 improvement
in the telemetry-resolution scale factor. Fig-
ure 145 indicates the telemetry read-out volt-
age as a function of the regulated output voltage
using the modified circuit, which is shown in
Figure 146.
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Figure 145. Telemetry Output as a Function of the HCVR
Regulated Voltage Output
b. LOW-CURRENT VOLTAGE REGULATOR
ASSEMBLY
The telemetry circuit for monitoring the regu-
lated output voltage of the Low-Current Volt-
age Regulator was modified. The modified
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Figure 146. Modified Telemetry Circuit in HCVR
circuit is identical in design and operation to
the telemetry circuit employed in the HCVR, as
shown in Figure 146.
c. VIDEO-COMBINER ASSEMBLY
The telemetry circuitry in the Video Combiner
was modified to obtain more useful information
from the telemetry points monitored. Two DC
differential amplifiers were incorporated and
are used as peak detectors to monitor the level
of the composite video outputs from the P- and
F-Channel camera chains.
d. ELECTRONICCLOCK ASSEMBLY
The Electronic Clock was modified to provide
revised telemetry outputs at 8-hour intervals
at telemetry-voltage levels indicated in Figure
147.
4. Current Sensing Group
In order to monitor the DC currents of the F-
and P-Batteries, a Current Sensing Group con-
sisting of a Current-Sensing Unit and Current
Sensing Transformers, was incorporated into
the TV Subsystem. This group measures the
DC currents of the F-and P-ChannelBatteries
and converts them to noniinear-relatedtelem-
etry voltages for application to the Telemetry
A s s embly.
Figure 147. Revised Telemetry Outputs from Electronic
Clock
In the Current Sensing Unit, a 2-kc chopper
oscillator is used to drive two magnetically
controlled full-wave rectifiers. The output
voltage of each rectifier is related to the amount
of magnetic saturation set up in the core of a
controlling Current-Sensing Transformer. The
DC current of each Battery is applied to a wind-
ing around the core of the controlling trans-
former to establish the level of magnetic
saturation.
5. Telemetry Assembly
A voltage regulator was incorporated into the
Telemetry Assembly to enable the subassem-
blies to operate when either the F or P unreg-
ulated bus is present. This modification
eliminated sole dependance on the High-
Current Voltage Regulator for operation of the
90-point telemetry commutator and transfer of
the 90-point data to the Channel-8 VCO at the
initiation of warm-up mode. The telemetry
regulator also permitted either battery to serve
as the prime power source for the entire
Telemetry Assembly. In the event of a failure
in the Low-Current Voltage Regulator, the
telemetry regulator would supply operating
power to the cruise-mode telemetry circuits.
Following modification of the Telemetry As-
sembly, a complete qualification test program
was performed to verify proper operation of the
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Assembly with the telemetry regulator incor- 
porated and to qualify the Assembly for opera- 
tion during the launch phase. 
Tests were performed to determine that the 
regulator with its various operating modes was 
operating properly. The new modes of operation 
were: 
0 Launch phase and cruise mode, where 
cruise-mode telemetry subassemblies 
are operated from the Low-Current Volt- 
age Regulator (LCVR); 
0 Normal terminal mode, where the unreg- 
ulated outputs of the silicon-controlled 
rectifiers (located in HCVR) supply power 
to the telemetry regulator which operates 
the 90-point commutator and relay, and 
causes the LCVR to supply power to the 
F- and P-Channel 225-kc VCO's; and 
0 Terminal mode with a simulated LCVR 
failure (short or  open), where thetelem- 
etry regulator supplies power to the 
cruise-mode circuits. 
The Telemetry Assembly was then subjected 
to qualification testing in which the unit was 
required to operate during full  vibration and 
during evacuation of the vacuum chamber in 
preparation for thermal-vacuum tests. These 
tests simulated operation during the conditions 
anticipated in the launch environment. 
All  tests of the modified Telemetry Assembly 
were satisfactorily completed. 
G. POST-RANGER VI1 MODIFICATIONS 
1. Replacement of Intermediate Power 
Amplifier Assembly 
During the development phase of the Telecom- 
munications Group, numerous problems were 
encountered with the operation of the inter- 
mediate power amplifier stage of the Transmit- 
ter Assembly. A t  that time, an investigation was 
initiated to determine the feasibility of em- 
ploying a Resdel-design cavity amplifier, with 
a triode amplifier tube, type 3CXlOOA, as a 
replacement for the original IPA, which used 
an RCA 7870 tetrode amplifier tube. 
Although subsequent testing and the use of a 
pressurized housing eliminated the arcing 
problem encountered with the tetrode design 
of the IPA, it was decided to incorporate the 
Resdel-design (triode) IPA into the Trans- 
mitter Assemblies for the Ranger VIII and IX 
missions. 
Tests on the Resdel-configuration indicated 
that the unit would provide an output that was 
above the minimum operating requirements 
over a broader range of environmental condi- 
tions than the tetrode-design IPA. In particular, 
the triode design would provide improvedper- 
formance and frequency stability at the operat- 
ing temperature extremes. 
2. Transmitter Power Supply Assembly 
Minor modification of the Transmitter Power 
Supply was required to reflect the incorpora- 
tion of the Resdel-design Intermediate Power 
Amplifier (IPA) in the Transmitter As- 
semblies. The modification consisted of con- 
necting the 750-volt and 250-volt windings of 
transformer T1 opposing one another to obtain 
the 500-volt output required for operation of 
the new Transmitter configuration. This modi- 
fication involved disconnecting components 
from the original 250-volt circuit, and using 
only the diode bridge, filter capacitors and 
bleeder network of the original 750-volt 
circuit . 
3. Other Teleco m m u n i cat io ns M odif icat io n s 
The following modifications were also incor- 
porated in the telecommunications design: 
0 Replacement of varactor diodes intheX4 
frequency multiplier circuits of the F- 
and P-Channel Transmitters. (The new 
diodes, which are  of bonded construction, 
were more reliable than the pressure- 
contact type of units previously em- 
ployed .) 
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0 Installation of a new type of O-ring in the 
Dummy Load Assembly. (The new O-ring 
resulted in a leak rate that is only 
20 percent of the value previously en- 
countered). 
0 Relocation of the Telemetry Processor 
Assembly to accommodate the IPA modi- 
fications. 
0 Addition of telemetry points to monitor 
the cathode currents of the Intermediate 
Power Amplifiers in the F- and P- 
Channel Transmitters. 
H. FINAL DESIGN CONFIGURATION 
in the assigned frequency band of 960.05 *l Mc, 
with the nominal center frequency of each chan- 
nel located 0.53 M c  above, and below, 960.05 
Mc. Both channels are  identical except for ten- 
te r  frequency; F-Channel is centeredat 959.52 
Mc, and P-Channel is centered at 960.58 Mc. 
Each Transmitter Assembly contains an FM 
modulator, a X4 and X12 frequency multiplier, 
and an intermediate power amplifier. The 
modulator consists of a baseband amplifier, a 
crystal-stabilized voltage-controlled oscil- 
lator (VCO), and a buffer amplifier. The X12 
frequency multiplier consists of two varactor 
doublers, a varactor tripler, and four power 
amplifiers, while the X4 frequency multiplier 
1. Telecommunications Group 
Description and Operation 
The Telecommunications Group of the Ranger 
TV Subsystem comprises two transmitting 
channels, telemetry equipment, and an RF- 
combining section. Each transmitting channel 
consists of an L-band FM Transmitter, 60- 
watt Power Amplifier, Telemetry Processor, 
and Transmitter Power Supply. The RF-com- 
bining section contains a Four- Port Hybrid for 
mixing the two RF outputs of the transmitting 
channels for application to the high-gain 
antenna of the spacecraft, and a Dummy Load 
to dissipate the RF combining loss in the Four- 
Figure 148. Final Configuration of the Transmitter 
Assembly (4.8 Ibs., 10 inches long, 2 inches high, 
5.75 inches wide) Port Hybrid. The telemetry equipment utilizes 
a Telemetry Assembly, Temperature Sensor, 
Current Sensing Group, and telemetry-moni- 
toring circuits to provide status and diagnostic 
telemetry data during the launch, cruise, and 
terminal modes of the Ranger mission. A block 
diagram of the Telecommunications Group 
(excluding power levels) is the same as that 
shown in Figure 117. The final configurations 
of the telecommunications assemblies are  
shown in Figures 148 through 156, with the 
exception of the stripline Four- Port Hybrid 
Assembly which is already shown as Figure 
143. 
The two transmitting channels, designated F- 
Channel and P-Channel, are  designed to operate 
Figure 149. Final Configuration of the Power-Amplifier 
Assembly (3.5 Ibs., 8.75 inches long, 3.75 inches 
high, 3.5 inches wide) 
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Figure 150. Final Configuration of the Transmitter 
Power Supply Assembly. (10.5 Ibs., 7.75 inches 
long, 4.5 inches high, 5.5 inches wide) 
Figure 151. Final Configuration of the Telemetry 
Processor Assembly (0.5 Ibs., 4 inches long, 
2 inches high, 2.9 inches wide) 
is a single-stage varactor quadrupler. The in- 
termediate power amplifier is mounted on the 
Transmitter Assembly, and the IPA cavity 
is a grounded-anode triode power amplifier. 
The Transmitter Assembly also contains a 70- 
volt zener diode (in the X12 multiplier subas- 
sembly) and a voltage divider to scale the minus 
500 volts for the telemetry equipment. 
Figure 152. Final Configuration of the Telemetry 
Assembly (2.9 Ibs., 14.5 inches long, 1.5 inches 
high, 1.75 inches wide) 
Figure 153. Final Configuration of the Telemetry 
Assembly (8.1 Ibs., 10.5 inches long, 5 inches 
high, 5.5 inches wide) 
2. Communications Operation 
The preemphasized full-scan video output of the 
Video-Combiner Assembly is applied to the in- 
put network of the modulator circuit of the F- 
Channel Transmitter, and the preemphasized 
partial-scan video is applied to the input of the 
P-Channel modulator. The video and 225-kc 
telemetry data a re  added and fed into the modu- 
lator to frequency-modulate the Transmitter. 
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kigure 154. Final Configuration of the Temperature 
Sensor Assembly (0.4 Ibs., 2.4 inches long, 3 inches 
high, 1.5 inches wide) 
Figure 155. Final Configuration of the Current Sensing 
Unit (0.6 Ibs., 4 inches long, 3.5 inches high, 3.75 
inches wide) 
The video band contains frequencies from zero 
to 200 kc; the terminal telemetry information 
is in the band from 220 to 230 kc, so  that 
the telemetry signal could be frequency- 
multiplexed with the video data during the 
nominal terminal mode of operation. The video 
Figure 156. Final Configuration of the Current Sensing 
Transformer (0.2 Ibs., 2.5 inches long, 1.5 inches high, 
1.5 inches wide) 
signal is preemphasized so that the low- 
frequency peak deviation (line frequency) is 130 
kc, and the high-frequency peakdeviationis a p  
proximately 173 kc. The 225-kc telemetry sub- 
carrier modulated the Transmitter to give an 
additional peak deviation of 42 kc. The resultant 
peak deviation is 360 kc on either side of center 
frequency. 
The baseband amplifier of the modulator ampli- 
fies the incoming video and 225-kc telemetry 
signal to the proper level for the voltage- 
controlled oscillator (VCO). The VCO is de- 
viated 1/48 of the transmitted signal and 
operates at approximately 20 Mc. Both thede- 
viation and center frequency are  increased by 
a factor of 48 through the X12 and X4 multi- 
pliers. A varactor diode is connected across 
the crystal of the oscillator and varies the 
tuning of a tank circuit as a function of the 
applied voltage to frequency-modulate the 
carr ier  signal generated by the VCO. The 
output of the oscillator is coupled through a 
buffer amplifier and then applied to the X12 
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frequency multiplier. The RF power output of
the modulator is approximately 25 row.
The 20-Mc signal fromthe modulator is applied
to the class A input amplifier of the X12 fre-
quency multiplier. The output of this first am-
plifier stage is fed to the first varactor-doubler
stage, and then to the second power amplifier
which is biased for class B operation. The
40-Me output of the second amplifier is coupled
to the second varactor doubler and then to the
third and fourth power amplifiers, which
are common-emitter, class C amplifiers that
amplify the 80-Mc signal from the varactor to
a level of six watts.
The 80-Mc output of the fourth amplifier stage
drives the varactor triplet, which consists of
four varactor diodes connected in series-
parallel. The output of the last varactor, and
also the output of the X12 multiplier, is 2.5
watts at a frequency of 240 Mc. This signal
is then fed through a stability filter to the X4
frequency multiplier.
Loaded cavities are employed for the input and
output networks of the X4 frequency multiplier.
Two series-connectedvaractor diodes areused
to obtain the required power-handling capa-
bility. The diodes are operated in the series
mode and are self-biased. A zener diode is used
to provide an upper limit for the self-generated
bias and thus prevents the varactor diodes from
operating in an unstable mode. The 960-Mc,
one-watt signal from the output cavity is fedto
the intermediate-power-amplifier stage.
The IPA stage is mounted on the Transmitter
chassis and amplifies the 960-Mc, one-watt
output of the X4 multiplier to an eight-watt
level. The IPA is a grounded-anode amplifier,
which is self-biased and operates class C. The
RF output is capacitively coupled from the plate
circuit and is used to drive the 60-watt Power
Amplifier Assembly.
The Power-Amplifier Assemblyis a common-
grid configuration operating class C, and uses
a type ML-7855 triode amplifier tube. This tube
provides stable frequency operation within 10
to 15 seconds after the application of high volt-
age, which permits the entire transmitting
chain to reach full-power output shortly after
the receipt of the operate command. A current
regulator located in the Telemetry Processor
Assembly enables the Power Amplifier to
adjust its bias to provide a maximum power out-
put over a wide range of drive levels and load
conditions.
The gain of this stage is a minimum of 10 db. To
prevent RF breakdown, the entire Power
Amplifier Assembly is sealed in a pressurized
housing in a dry nitrogen environment at 15
psig. The 60-watt, 960-Mc output of each Power
Amplifier is applied to one port of a stripline
Four-Port Hybrid ring, which combines the two
Power-Amplifier outputs, while providing 20 db
isolation between the two Power Amplifiers.
The Four-Port Hybrid Assembly provides two
combined RF outputs. One of the combined 60-
watt outputs is dissipated in a pressurized
Dummy Load Assembly, the other is fed tothe
spacecraft Bus and radiatedfromthehigh-gain
antenna. A block diagram of the transmitting
channel is the same as shown in Figure 121.
3. Telemetry Operation
The telemetry portion of the Telecommunica-
tions Group contains the assemblies necessary
for monitoring selected parameters of the TV
Subsystem, converting these parameters to a
form suitable for transmission, and transmit-
ting the accumulated data during the launch,
cruise, and terminal phases of the mission.
The Telemetry equipment consists of a Telem-
etry Assembly, Temperature Sensor Assem-
bly, Current Sensing Group, and individual
telemetry-monitoring circuits located in var-
ious assemblies through the TV Subsystem.
The Telemetry Assembly, shown in Figure 157,
comprises cruise-mode telemetry elements,
terminal-mode telemetryelements, and a reg-
ulated telemetry power supply. The telemetry
power supply is a DC-to-DC converter with a
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series voltageregulatorat theoutput;thepow-
er supplyoperateswithan inuutof -27.5 volts
DC regulated power fromthe LCVR or telem-
etry voltage regulator and provides + 28 volts
DC operating power to the voltage-controlled
oscillators (VCO) in the Telemetry Assembly.
The switching circuitry required for the
cruise-mode to terminal-mode telemetry
transition is also shown in Figure 157.
a. LAUNCH AND CRUISE-MODE TELEMETRY
The cruise-mode telemetry section consists of
a 15-point electromechanical commutator, an
IRIG Channel-8 VCO, and an AC amplifier to
drive the line interconnecting the VCO output
and the spacecraft Bus. The 15-point commu-
tator samples 11 data points, a full-scale refer-
ence, zero reference, and a frame reference,
at a rate of one point per secondwith a +1.25-
volt pedestal between data points. The data
points sampled by the cruise-mode telemetry
commutator are listed in Table 34.
The output of the commutator modulates the
Channel-8 IRIG subcarrier oscillator (VCO),
which is set to give a peak-to-peak deviation
of 100 cycles per second. The center frequency
of the VCO is 3 kc. The AC amplifier on the out-
put of the Channel- 8 VCO is a common-collector
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Figure 157. Telemetry Assembly Logic Diagram
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TABLE 34
TV SUBSYSTEM DATA POINTS MONITORED DURING LAUNCH AND CRUISE
MODE BY 15-POINT COMMUTATOR
Data Point No. Parameter Monitored
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
F a Camera Lens Housing Temperature
LCVR Output Voltage
P-Battery Current
P-Battery Internal Temperature
F-Battery Terminal Voltage
P-Battery Terminal Voltage
Top Hat Temperature (-y side}
Lower Shroud Temperature (-y side)
Clock Time Steps
F-Battery Current
Fb-Camera Electronics Temperature
Full-Scale Reference
Zero Reference
Frame Reference
Frame Reference
stage designed to provide a low-impedance out-
put for the 6-volt peak-to-peak (minimum)
telemetry signal. The AC amplifier and trans-
former couple the oscillator output across the
spacecraft interface where it is mixed with
spacecraft telemetry signals for transmission
by the Bus Transponder.
b. TERMINAL-MODE TELEMETRY
The terminal-mode telemetry section consists
of a 90-point electromechanical commutator
and two 225-kc VCO's. The F-Channel 225-kc
VCO is modulated by the output of the 15-
point commutator, and the P-Channel 225-kc
VCO is modulated by the output of the 90-point
commutator. The output signals of the F- and
P- Channel VCO' s are provided as inputs to the
F- and P-Channel Transmitters, respectively,
for transmission on a 225-kc subcarrier at full-
power turn-on during terminal mode. The 90-
point telemetry data are also available at the
initiation of TV Subsystem warm-up, when they
are switched into the input of the Channel-8
VCO. The 15-point telemetry data are not avail-
able until F-Channel is in full power. The output
of each 225-kc VCO is 1.5-volts peak-to-peak.
The 90-point commutator samples 86 data
points throughout the TV Subsystem and pro-
vides a full-scale reference, a zero reference,
and a frame signal. The datapoints are sampled
at a rate of 3 points per second and have a + 1.25
volt DC pedestal between data points. The sam-
pled data provides a peak-to-peak deviation of
10 kc onthe 225-kc subcarrier. The parameters
sampled by the 90-point commutator are listed
in Table 35.
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TABLE 35
TV SUBSYSTEM DATA POINTS MONITORED DURING TERMINAL MODE BY
90-POINT TELEMETRY COMMUTATOR
Data PointNo. Parameter Monitored
6
7
8 thru 14
15 thru 21
22 thru 28
29 thru 34
35
36 thru 42
43
44
45
46
47
48
49
50
51
52
53
54
Pl Camera Vertical Sweep
P1 Camera Horizontal Sweep
P1 Camera G1 and Focus Current
P1 Camera +1000 V and 300 V
P1 Camera Shutter and Lamp Drive
P1 Camera Vidicon Filament
Zero Reference
Same as 1 thru 7 except for P2 Camera
Same as 1 thru 7 except for P3 Camera
Same as 1 thru 7 except for P4 Camera
Same as 1 thru 6 except for F a Camera
Full-Scale Reference
Same as 1 thru 7 except for F b Camera
F b Camera Electronics Temperature (Sensor No. 2)
F Battery Case Temperature (Sensor No. 4)
P Battery Case Temperature (Sensor No. 5)
P Unregulated Bus
P Regulated Bus (-27.5V)
F Unregulated Bus
F Regulated Bus (-27.5V)
Lower Shroud Temperature (+Y) (Sensor No. 12)
Bottom Deck Temperature (-X,-Y Quadrant) (Sensor
No. 13)
Second Deck Temperature (-Y) (Sensor No. 14)
Second Deck Temperature (+Y) (Sensor No. 15)
LCVR Input Voltage
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TABLE 35
TV SUBSYSTEM DATA POINTS MONITORED DURING TERMINAL MODE BY
90-POINT TELEMETRY COMMUTATOR (Continued)
Data Point No. Parameter Monitored
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
F-Channel Full-Power Command
P-Battery Current
F-Battery Current
F-Battery Terminal Voltage
P-Battery Terminal Voltage
P-Channel Full-Power Command
F Sequencer "T" Flip-Flop (No. 2)
Zero Reference
F Sequencer Oscillator (18 kc)
P Sequencer Voltage (+12V)
P Sequencer Voltage (-12V)
P Sequencer Oscillator (18 kc)
F Sequencer Voltage (+12%7)
F Sequencer Voltage (-12V)
F Sequencer "T" Flip-Flop (No. 1)
P Sequencer "R" Flip-Flop (No. 1)
P Sequencer "R" Flip-Flop (No. 2)
P Video Combiner Output
F Transmitter IPA Cathode Current
F Video Combiner Output
P-Transmitter PA Heat Sink (Sensor No. 6)
F-Battery Internal Temperature (Sensor No. 8)
F Transmitter PA (+1000V)
F Transmitter IPA (-500V)
F Transmitter PA Cathode current
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TABLE 35
TV SUBSYSTEM DATA POINTS MONITORED DURING TERMINAL MODE BY
90-POINT TELEMETRY COMMUTATOR (Continued)
Data Point No. Parameter Monitored
80
81
82
83
84
85
86
87
88
89
9O
F Transmitter PA Heat Sink (Sensor No. 7)
P Transmitter IPA Cathode Current
P Transmitter PA (+1000V)
P Transmitter IPA (-500V)
P Transmitter PA Cathode Current
F a Camera Lens Housing Temperature (Sensor No. 1)
Camera Bracket Temperature (Sensor No. 3)
Full-Scale Reference
Zero Reference
Frame Reference
Frame Reference
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Section III
Controls Group
A. PROPOSED CONTROLS GROUP
The proposed controls group was constrained
to be fully compatible with the existing Ranger
Spacecraft electrical interface requirements.
The controls group was to be combined with
other equipment to form a TV Subsystem de-
sign which would be dependent uponthe Ranger
Spacecraft only for the receipt of instructions
through the spacecraft command receiver or
through the spacecraft Central Computer and
Sequencer (CC&S), and the transmission of all
data over the spacecraft high-gain antenna.
The controls group was further constrained to
permit the occurrence of the mission functions
according to a specified sequence of events
with a minimum of electrical interface with
the Spacecraft Bus. Furthermore, the capa-
bility was to exist to exercise the TV Subsys-
tem under the following conditions:
• TV Subsystem alone;
• TV Subsystem as part of the spacecraft
(Bus attached); and
• TV Subsystem as part of the spacecraft
(Bus attached) and mated to the launch
vehicle with the Agena adapter and shroud
in position.
The design objective for the Controls Group
was to provide a means of real-time control
and execution of the scientific mission. Thus,
the controls group responded to both external
and internal inputs which, when activated,
caused the TV Subsystem to perform its
mission according to a prearranged plan.
The proposed mission sequence (see Figure
158) required that after the Ranger Spacecraft
had separated from the Agena stage and com-
pleted acquisition of the Earth and the Sun, a
command would be imparted to the Television
SWITCH -OUT
A,B
TURNON.
--°%L--
SUN _ _, "_
sSIII_ TERMINAL
• MANEUVER
PARKING J'/_
OR0,T..f'-_ ," \
"l ..... _ / _.,o-COURSE
., \ .... ) ," .ANEUVE.
/- .... -\
INJECTION _ANTF'NNA
ACQUISITION
Figure 158. Proposed Overall Mission Sequence
Subsystem from the spacecraft command re-
ceiver to initiate the solar probe and microme-
teorite experiments and to begin telemetering
certain TV Subsystem temperature and battery
voltage data. After the spacecraft had com-
pleted the midcourse corrective maneuver, all
of the scientific experiments with the exception
of the pressure, magnetic fields, V-ray spec-
trometer experiments, and the TV Subsystem
would be turned on by ground command. In the
case of the cosmic radiation experiment, back-
ground readings were to be obtained with an
ion chamber located on the spacecraft. This
chamber wouldlater be displacedfromthe main
body of the spacecraft by an extendable boom.
At approximately one hour before impact, the
by command from the ground, the magneto-
meter and V-ray spectrometer experiments
were to be displaced from the spacecraft on
extendable booms after background readings
had been made on the spacecraft. The turn-on
command for the scientific experiments at 40
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minutes before impact was to initiate an in-
ternal counting chain, and at approximately 25
minutes before impact a warm-up command
for the TV Subsystem was to be internally
generated by the TV Subsystem command unit.
After a maximum of 15 minutes of warm-up,
an internal command was to be generated to
turn on the TV Subsystem. Upon receipt of the
turn-on command, the spacecraft three-watt
transmitter was to be turned off, and the Sub-
system scientific and engineering telemetry
data would then be transmitted as a sub-
carrier with the video over the TV Subsystem
60-watt transmitter. The decision to switch
to the redundant elements of the TV Subsystem
was to be made on thebasisofa rapid analysis
of the initial telemetry and video as received
at the Goldstone ground station. The radio
altimeter was to be turned on by an internal
TV Subsystem command at approximately two
minutes before impact, at a nominal altitude
of 1 x 106 feet, and was to furnish a digital
readout of altitude which was to be transmitted
as part of the scientific telemetry. At a nominal
altitude of 17,000 feet, or 1.97 seconds before
impact, the radio altimeter was to provide a
fuzing signal to the camera sequencer. Figures
159 and 160 depict the time-history of events
following the fuzing sequence. This fuzing
signal was to be used to interrupt and restart
the camera sequence so that a final sequence of
530
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Figure 159 Altitude Versus Velocity
five pictures would be obtained prior to impact;
this sequence would consist of one fully
scanned 800-line frame at a resolution of two
or three meters per optical line pair, and four
partially scanned 200-line frames spanning
the range of resolutions from 0.6 to about0.12
meter per optical line pair. An automatic
backup command sequence was to be provided
from the ground to ensure proper operation
of the TV Subsystem during the 40-minute
period of terminal operation.
1. Design Approach
The proposed concept for the TV Subsystem
controls group was based on the following
assumptions:
• Two separate command lines would be
provided from the spacecraft Command
Receiver and Decoder;
• Two power supplies in the TV Subsystem
would be wired in parallel with a fail-
safe circuit to eliminate the need for
ground command switching in the event
that one supply failed;
• Redundant camera sequencers would be
provided and would be self-checking and
self-switching to eliminate the need for
ground command switching in case one
channel (F or P) failed.
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A limited number of interface commands
between the JPL bus and the RCA TV Sub-
system were available. There was one real-
time command (RTC-7), two timed contact
closures during terminal mode, and a contact
closure based on separation of the Atlas Agena.
To provide the real-time switching of the TV
Subsystem into and out of an emergency mode,
a rotary switch with four positions (zero,
warm-up, emergency on, and emergency off)
was proposed. Thus, each time an RTC-7
command was sent, the switch would advance
one position.
Originally, a radio altimeter was proposed
and required to perform the following two
functions.
• Provide digital readouts to the telemetry
at the rate of one per second, each
representing altitude information aver-
aged over one second. This function was
to start at a lunar altitude of approxi-
mately 1,000,000 feet and continue until
impact some two minutes later.
• Provide an output pulse at a lunar altitude
of about 17,000 feet with a three-sigma
accuracy of 150 feet. This pulse was to
be used to initiate the resequencingofthe
six cameras to ensure that the final
picture would be taken with a partially
scanned camera at an altitude of 314
meters.
The altimeter was to fit into the same envelope
as the Ranger (RA-3) radio altimeter. The
weight of the altimeter, including its antenna
but not including the support and erection
structure, was to be less than seven pounds.
This represented a one-pound increase in
allowable weight (over the RA-3 altimeter} to
provide the increased range and digital capa-
bility. The power supply, including any bat-
teries, converters, and regulators which might
have been needed for altimeter operation were
to be an integral part of the altimeter assembly.
The turn-on signal for the radio altimeterwas
to be internally generated in the TV Subsystem
by the control group at a time corresponding
to eight minutes after the TV Subsystem turn-
on command. A preprogrammed automatic
backup command from the ground was to be
used to support the internal turn-on command.
The proposed design approach was modified
slightly when the decision was made to exclude
the original scientific secondary experiments
from the TV Subsystem. The TV Subsystem
was to be quiescent in the early phases of the
lunar transit with the exception of the Channel-
8 telemetry data (which was to be used for
evaluating the Subsystem status and updating
the flight program for later modes of opera-
tion}. The revised sequence of events was as
shown in Table 36. The general arrangement
of the proposed TV Subsystem groups and their
interface with the Controls Group is shown in
Figure 161.
2. Technical Description
The controls group was divided into three
parts; the equipment necessary to turn the
scientific experiments on, the circuitry to
switch between redundant units and/or circuits,
and the Remote Control System and its ground
override for activating the sequencers and
their associated equipment.
Figure 162 shows the logic circuitry for the
Controls Group.
When a signal was received at FF1 and no
signal was received at FF2 within 70 seconds,
stepping switch SWl would move to position 1
and turn on Scientific Experiment Package 1.
This turn-on was to occur 12 hours after
launch; at about 16 hours after launch, a sim-
ilar signal was to be sent which would step
SWl to position 2 and turn off the Scientific
Experiment Package 1.
At 16 hours plus, a third signal was to be sent
to FF1, and the stepping switch SWl was to
move to position 3 turning on the Flight
Scientific Package 2. Each time the 70-second
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delay pulsed the stepping switch, FF1 was to
reset to its normally off position.
At 40 minutes before impact, a command was
to be sent to FF2 and, after a70-seeond delay,
the terminal scientific experiments were to be
turned on. At the same time, SW2 was to be
stepped to position one and the sequencer clock
was to be turned on. The remote program
command unit was to begin to time through the
counting chain (xSx9x3xS). After 14.4 minutes,
an output was to be obtained at AND Gate 8
which was to start the warm-up of the se-
quencer and transmitters. At the end of 28.8
minutes, an output was to be obtained at AND
Gate 7 which was to enable AND Gate 4 to pass
clock pulses to the sequencer and also latch
relay K2 so that the telemetry encoder could
feed the SCO of the Subsystem. After 36
minutes, a pulse was to be received through
OR Gate 2 which was to turn on the radio
altimeter.
A ground override to the remote program
command unit was to be provided by stepping
SW2 through positions 2 to 4. Position 2 was
to be ORbed with the 14.4-minute delay, Posi-
tion 3 was to be OR'ed with the 28.8-minute
TABLE 36
REVISED SEQUENCE OF EVENTS FOR CONTROLS GROUP
Command Time Issued Mechanization/Source
CC&STV Subsystem Telemetry On
TV Subsystem Warm-Up
TV Subsystem Full Power On
TV Subsystem Camera Switch-
over
*TV Subsystem Emergency
Telemetry
*TV Subsystem Return to
Came ras
2.5 hours after mid-
course maneuver
15 minutes before impact
10 minutes before impact
1 minute before impact
Given if High-Gain An-
tenna Acquisition is lost.
(Subsystem must be
stepped through "Warm-
Up" position if this com-
mand is initiated before
final 15 minutes of
mission).
Given after Emergency
telemetry mode if High-
Gain Antenna is
reacquired.
Real-Time Command
No. 7, CC&S Backup
Internal RCA Subsys-
tem Command, CC&S
Backup
Internal RCA Subsys-
tem Command
Real-Time Command
No. 7
Real-Time Command
No. 7
*The "Emergency Telemetry" and "Return to Cameras" commands are secondary commands. These commands were to be
issued only in failure-mode operations.
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Figure 161. General Arrangement of ProposedTV Subsystem Groups
delay, and Position 4 was to be OR'ed with the
36-minute delay.
To provide increased reliability, these critical
internal commands were to be backed up by a
preprogrammed ground override command
which was to arrive within 10 seconds after
the internal signal was generated. This was to
be done whether or not the internal program-
mer was operative, because the delay in
detecting a failure and sending a ground com-
mand was such that a crucial command such
as "Radar Altimeter On" might have been
missed.
The switching between transmitters was to be
accomplished by requiring an input at FF1 first
and then at FF2 within less than 70 seconds of
the first command. If this occurred, an output
at AND Gate 1 would have been obtained and
latching relay K1 would have been switched.
A timing diagram indicating the sequence of
events is shown in Figure 163.
B. DESIGN AND DEVELOPMENT OF INITIAL
CONTROLS GROUP CONFIGURATION
1. General
The foremost objectives in the design of the
controls group for the Ranger TV Subsystem
were to:
• Provide a reliable switching method;
• Provide a switching method that could
perform in a space environment; and
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Provide a switching method that could
perform adequately with the simplest
possible configuration.
The purpose of the controls group was to
switch the TV Subsystem through the modes
of operation as commanded by ground closures
received from the JPL Bus. The sequence of
events of the mission were essentially the
same as for the proposed configuration. For
clarity, the commands are summarized by
categories, as follows:
• Real-time commands (RTC);
• Stored preprogrammed commands
(CC&S) ; and
• Internally generated commands.
The command sequence was modified to cause
the initial command to the TV Subsystem to
occur 2.5 hours after themidcourse maneuver,
at a nominal time of 18.5 hours after launch.
This command was to originate as a switch
closure to ground in the JPL Spacecraft Cen-
tral Computer and Sequencer (CC&S} andwas to
be used by the TV Subsystem to turn on
cruise-mode (Channel-8) telemetry. At a time
corresponding to 15 minutes before lunar im-
pact, the complete TV Subsystem was to be
turned on (in warm-up mode) by an RTC-7
command from the DSIF at Goldstone. Pro-
visions were made for a CC&S backup com-
mand to support the real-time command for
warm-up of the payload. The TV Subsystem
communications equipment was to be automat-
ically switched into the full-power mode 10
minutes before impact by an internally gen-
erated command; this internally generated
full-power-on command was to be supported
by a backup command from the JPL Space-
craft CC&S.
179
At one minute before impact, the video from
the F Cameras was to be switched out and the
video from the four P Cameras was to be
transmitted over both communications chan-
nels. The video switchover was to be accom-
plished from a command generated internally
in the TV Subsystem. In the event of signal
loss as a result of loss of spacecraft stabiliza-
tion or high-gain antenna lock, a real-time
command (RTC-7) was to be used to switch
the TV Subsystem into an emergencytelemetry
mode. In the emergency telemetry mode, the
TV Subsystem terminal-telemetry data was to
be transmitted over the high-gain antenna in a
narrow bandwidth. If the antenna lock or
stabilization were reacquired after operation
in the emergency telemetry mode, a real-time
command (RTC-7) was to be used to switch
from the emergency mode of operation back
to the full-power mode, thus resuming the
television transmissions before impact of the
Subsystem on the lunar surface.
2. Design
The initial designofthe controls group is shown
in Figure 164 in block diagram form, and in
Figure 165 in schematic form. The major
part of the controls group is the command
switch, which is shown in block diagram form
in Figure 166.
As described previously, the first signal re-
ceived by the TV Subsystem during flight was
to be the "Cruise-Mode-On" signal. This
signal was to energize relay K7, which would
apply DC voltage to activate the voltage regu-
lator. The -27.5-volt output of the I__w-Current
Voltage Regulator was to start the processing
and transmission of cruise-mode signals.
During launch-pad checks, the "Cruise-Mode-
On" signal would not be available, therefore,
cruise-mode telemetry was not to operate until
the "warm-up" signal was given bythe RTC-7
simulate signal. This signal was to energize
Amplifier A1, and the rotary solenoid switch
was to move from position 0 to position 1.
The output of position 1 was coupled, through
diode CR5, to energize relay K7. (Diode CR5
was to function as a blocking device when the
"Cruise-Mode-On" signal was received.)
The second signal was to be the "Warm-up"
signal (prime source was RTC-7). When re-
ceived, the rotary solenoid switch was to ad-
vance from position 0 to position 1. This
advance was to turn on Amplifiers A2 and A3,
and was to send gate turn-on signals to silicon-
controlled rectifiers CR1 and CR2. The con-
duction of the SCR's were to activate the
High-Current Voltage Regulator and Trans-
mitter Power Supplies. The High-Current
Voltage Regulator was to supply -27.5 volts
to the:
• Terminal telemetry;
• Camera Electronics:
• Control Programmer and Camera Se-
quencer; and
• Command Switch
Voltage application to the first three unitswas
to start the planned and programmed operations
of these assemblies. A backup "Warm-up"
signal from the CC&8 was to ground the inputs
of amplifiers A2 and A3 directly to start the
same chain of operation. The third signal was
to be the "Full-Power-On" signal from the
CC&S. This signal was to energize relays K3
and K4 in the transmitter power supplies,
providing proper voltages for full-power trans-
mitter operation. This signal was to have a
backup contact closure in the TV Subsystem
Cbntrol Programmer and Camera Sequencer.
If required, the fourth signal (" Emergency T/M
Command") was to set the TV Subsystem in
the emergency mode of operation. If this com-
mand was received, the rotary solenoid switch
was to advance from position 2 to position 3
and relays K5 and K6 were to be energized.
Relay energizingwas to disconnect the cameras
from the transmitters, and was to connect the
terminal telemetry signals directly to the
transmitters. The "Warm-up" signal was to
remain applied to amplifiers A2 and A3 to
ensure that both silicon-controlled rectifiers
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Figure 166. Command Switch, Block Diagram 
were conducting (this was to be accomplished 
by the use of the second circuit on the switch 
wafer). 
The fifth signal was  the “Emergency-Mode- 
Off” signal. This signal was to advance the 
rotary solenoid switch to position 3, thus de- 
energizing relays K5 and K6. The cameras 
were to be connected again to the transmitters, 
and the TV Subsystem was to perform in the 
normai operating mode. Position 3 was to be 
the final position to which the rotary solenoid 
switch would be advanced. On the launching 
pad, the next RTC-7 simulate signal was to 
advance the switch to position 0; the cycle of 
operation modes could be repeated if neces- 
sary. The reduced-power lead was to be 
grounded, causing relays K1 and K2 to be 
energized when the plug of the hard line was 
mated with the jack. This was to prevent the 
transmitter from operating at full  poweron the 
launching pad. 
The camera switchover command was to be 
derived directly from the Control Programmer 
and Camera Sequencer. 
Provisions were made to test the TV Subsystem 
with o r  without the balance of the spacecraft. 
For testing without the Subsystem mounted to 
the Bus, a ground checkout test console was 
designed. In effect, the Test Console simulated 
1 
Figure 167. Photograph of Command Switch Assembly 
the commands (ground closures) that would 
normally be received from the spacecraft. 
Also, a turn-off circuit for the silicon- 
controlled rectifiers was incorporated in the 
Test Console. This turn-off circuit was nec- 
essary because the SCR’s would continue to 
conduct even after the gate signal was removed. 
3. Command Switch 
A block diagram of the Command Switch initial 
design is shown in Figure 166 and aphotograph 
is shown in Figure 167. The Command Switch 
was designed to provide a simple, reliable 
switching method to act as the central control 
for the TV Subsystem. The command switch 
also provided: 
0 A distribution point for the -27.5 voltsto 
the Transmitter Power Supplies: 
0 A telemetry sensing circuit for the un- 
0 Telemetry circuits for sensing the rotary 
0 A control for the battery heaters: 
0 Filament relay control tie points: and 
0 Telemetry circuits for sensing turn-on 
regulated DC voltage: 
switch position; 
of the SCR’s. 
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4. Test Plan for Command Switch
The plan for the development of the Command
Switch was similar to that for other assem-
blies. The models that were built were as
follows:
• Engineering test model (ETM) -- This
model was the first built and was used
as a breadboard to show that the Com-
mand Switch was capable of controlling
the TV Subsystem as desired.
• Qualification test model (QTM) -- This
model was built to prove the ability of
the proposed design to survive environ-
mental conditions more severe than those
expected during the actual mission.
• Life test model (LTM) -- Thismodelwas
built to demonstrate the ability of the
proposed design to operate successfully
for a long period of time (500 hrs).
• Proof test model (PTM) -- This model
was built for testing on the PTMpayload.
• Flight models (FM-1, etc.) -- These
models were built to perform the actual
mission and had all desirable changes
incorporated in them.
A minor design change was made on the Corn-
mand Switch to improve its performance. The
relay which applied unregulated voltage to the
low-current voltage regulator when the
"Cruise-Mode On" signal was received was
changed to a magnetic latching type (this is
K7 of Figure 166. This latching relaywasused
to ensure that the relay contacts remained
closed even if the contact in the JPL Bus
should open after initial closure; operation of
the cruise-mode telemetry circuits (powered
by the low-current voltage regulator) would
thus not be interrupted. During the TV Subsys-
tem test, the contacts of the magnetic-latching
relay would close when the "Warm-up" signal
was received and would release when the
stepping switch reached the starting, or zero,
position. In flight, the contacts were to close
when the "Cruise-Mode On" signal was re-
ceived from the JPL Bus.
Tests were conducted on a breadboard model
to determine the effect of noise pick-up in the
leads which carried gate signals from the
Command Switch to the silicon-controlled
rectifiers in the high-current voltage regu-
lator. With an anode-to-cathode potential of 35
volts supplied to the SCR, the gate-to-cathode
potential was provided by a random noise
generator through a 1-_f capacitor. The test
results are given in Table 37.
TABLE 37
COMMAND SWITCH, BREADBOARD MODEL, TEST RESULTS
Noise Frequency
(kc)
20
500
5000
Cathode-to-Gate
Voltage* V(P-P)
1.0
0.8
0.4
SUicon-Controlled
Rectifier State
off
off
off
*Because the gate-to-cathode input impedance of the rectifier is low, anoise generator with a 20-voh (peak-to-peak) open-
circuit output could not develop voltages greater than those shown in the table,
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A test was performed to ascertain the effect
of high temperature on operation of the ampli-
fier circuit of the Command Switch.
The amplifier circuit breadboard was placed
in a heat chamber and the temperature stabi-
lized at 80 ° C. Operation of the amplifier was
checked after one hour. At 80 ° C, the equipment
did not turn on by itself but could be turned on
and off by command. The ETM Command
Switch was built, tested, and installed in the
ETM payload and operated satisfactorily over
a considerable period of testing.
The QTM Command Switch was subjected to
the following series of tests.
$ Thermal balance, including thermal
sterilization;
• Thermal vacuum;
• Thermal humidity;
• Vibration;
• Shock;
• Acceleration;
• Ethylene oxide sterilization; and
• Explosive atmosphere.
Before and after each of the environmental
tests, an electrical test was conducted to
demonstrate the integrity of the assembly.
The unit was operated during tests of thermal
balance, vacuum, humidity, and explosive at-
mosphere.
Discrepancies in the Command Switch telem-
etry data were revealed during PTM TV Sub-
system tests. The networks of the Command
Switch voltage divider, for telemetry outputs,
between points 54 and 60 were redesigned for
a lower impedance. The impedance for these
telemetry circuits was reduced from the
original design value of 1 megohm to 18
kilohms to ensure compatibility with the input
impedance of the telemetry commutator. To
prevent the capacitance of the ground cable
on 30J1 from triggering the SCR gate circuit,
minor chsmges were made in the gate circuit.
R1 and R4were reduced from 22 to 1.8 kilohms,
and C1 and C2 (2_f, 100-volt)were placed in
parallel with R1 and R4. This change desen-
sitized the gate circuit to the transients which
occurred.
Six flight models, including two spares of the
Command Switch were constructed and
acceptance-tested. The Command Switch was
considered capable of successfully fulfilling its
mission obligation as defined in the initial
mission profile.
The introduction of the split-system concept
required further changes in, and additions to,
the Controls Group and the Command Switch.
The modifications to the Command Switch as-
sembly were handled in accordance with the
TV Subsystem split-system requirements. The
changes and the reasons for them are described
in the following section.
C. DESIGN MODIFICATIONS RESULTING
FROM SPLIT-SYSTEM CONCEPT
1. General
To further improve the probability that some
information would be returned under all pos-
sible circumstances, redundant paths were
provided by the two independent {F and P}
channels. In addition, a timing mechanism
(Electronic Clock} was incorporated to provide
a backup turn-on command, thus initiating
operation of one TV Subsystem channel in the
event that the command link failed.
2. Design Approach
As a result of extensive reviews of the design
by both JPL and RCA, the decision was made
to change the configuration to that of a split
system (two independent channels of operation,
F and P). This modification required some
changes in the controls group configuration.
These changes were a modification of the
C ommand Switch, and the addition of a Distri-
bution Control Unit (DCU), an Electronic
Clock, and a Power Control Unit (PCU). A
block diagram of the split-system configuration
of the controls group is shown in Figure 168.
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The various units and their functions are
discussed in the following paragraphs.
3. Command Switch
The following Command Switch changes were
made for the reasons presented.
$ Telemetry monitoring of the SCR gate
voltages was eliminated because the
condition of the SCR could be determined
by means other than gate monitoring.
• The unregulated DC bus voltage was
supplied to the Power Control Unit inthe
zero mode of operation only because this
mode was the only one in which the unit
should be used to disable power.
• Cruise-mode operation could be turned
off at the console during testing operation
in the zero mode of the Command Switch.
• The Command Switch was to energize
the SCR's of the High-Current Voltage
Regulator in the warm-up mode only.
This mode was obtained by using RTC-7
to step the Command Switch to the proper
position. (Before this modification was
incorporated, a signal from the CC&S
via the Command Switch would also
activate the SCR's. After the modifica-
tion, the CC&S signal was not routed via
the Command Switch but triggered the
HCVR directly via the DCU.)
Capacitors were placed across the zener
diodes in the SCR turn-on circuits (to
prevent transients from inadvertently
triggering these circuits).
A command was sent to the Power Control
Unit during emergency mode to prepare
the PCU for spacecraft power turn-off.
(Emergency Mode was an arbitrary
choice because the priming was neces-
sary before entering zero mode.}
• The F- and P-Channel power distribution
points were separated.
An additional change was made in the sche-
matic configuration of the Command Switch to
provide a switching circuit for turn-off of the
clock by RTC-5. This change was necessary
because the Agena Separate signal, and all
CC&S signal inputs to the TV Subsystem, were
continuous rather than momentary. Figure 169
is a partial schematic of the Command Switch
Assembly, snowing only the Cruise-Mode Relay
(K1), which was affected by this change. A
pair of contacts were made available for this
switching function by separating the two pairs
of contacts which were strapped together.
IJI
=_' I ) 3G CLOCKSTARTI CLOCK START
I ) 37CONTROL
A,.,e I ) LOW CURRENT VOLTAGE
l REGULATOR TURN OFFI LOW CURRENT VOLTAGE
- I _ 38 REGULATOR TURN ON
._ P-CHANNEL BATTERYKI (CRUISE-- I ) 39 LOW CURRENT U N ON
MODE RELAY) I
Figure 169. Command Switch Assembly, Partial
Schematic Diagram
The Command Switch was again subjected to a
test cycle which included environmental test-
ing. All tests were satisfactorily completed and
the Command Switch was installed on a split-
system-version PTM of the TV Subsystem.
All testing was done with standard test equip-
ment and circuits, except for that shown in
Figure 170.
4. Distribution Control Unit (DCU)
The purpose of the DCU was to distribute
primary power to each half of the split-
system independently, and to provide maximum
protection to each side of the split-system
through the utilization of fuses. In addition the
split-system DCU contained the following:
• Interface circuitry for the Electronic
Clock which permitted operation of the
TV Subsystem with or without the clock;
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o• Circuitry for the Electronic Clock to
initiate terminal mode on either pre-
selected channel;
• Circuitry for poweringChannel-8 telem-
etry from the High-Current Voltage
Regulator during terminal-mode opera-
tion if the Low-Current Voltage Regulator
failed;
• Circuitry for disabling emergency opera-
tion from either channel without inter-
facing with the cable harness (30Wll;
and
• Circuitry to isolate {from each other}
the two full-power signals to the
transmitters.
a. DESIGN APPROACH
The DCU functioned as a distribution point for
the two batteries and their associated High-
Current Voltage Regulators which provided
power to the split-system configuration of the
Ranger TV Subsystem. The regulated voltages,
unregulated voltages, and DC returns for the
F-Channel from the HCVR were connected to
F %i-q
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Figure 170. Command Switch, Special Test Circuit
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J3 of the DCU, and the corresponding supply
voltages for the P-Channel were connected to
J4. From J3 and J4, these voltages were dis-
tributed from the DCU to the various subas-
semblies requiring the particular voltage or
voltages. The voltage and current distribution
to the assemblies of the F- and P-Channels,
respectively, is shown in Table 38.
The basic fusing philosophy for the DCU was
to prevent the failure of an individual assembly
from affecting an entire channel. Therefore,
certain power lines supplying individual as-
semblies were fused with ample safety margin.
Parallel loads were fused, whereas primary
power was not fused. In addition, those units
unique to a particular channel and whose
failure would cause the failure of the entire
channel, were not fused.
The fuse module was a fiberglass container,
housing 16 two-inch exothermic fuse wires.
Each fuse was contained in an isolating ehamber
to prevent an exploding fuse from affecting
other fuses in the module, and each chamber
had an evacuation hole to permit the fuse to
outgas in vacuum. The fuse module was readily
accessible and removable (by removing the
front panel of the DCU).
Camera Electronics for cameras F a and F b
were individually fused to prevent the destruc-
tion of F-Channel regulation in the event a
short circuit developed in the regulated input
line. If a short occurred, the total regulated
output short-circuit current would flow through
the fuse in the shorted line causing the fuse to
open. Then, the HCVR would tend to correct
the voltage and the F-Channel would continue
to function without the defective unit. Terminal-
mode telemetry was also fused to prevent its
malfunction from causing a complete F-
Channel failure. Camera Electronics for cam-
eras P1, P2, P3, and P4 were individually
fused (in a manner similar to that used for
cameras F a and Fb) to prevent the destruction
of the P-Channel regulation. The Control Pro-
grammer and Camera Sequencer power supply
was also fused because its failure would not
destroy the complete P-Channel video chain.
In the event this power supply failed, Camera
Electronics for Camera Pl would continue to
function, utilizing the free-running sync circuit
which was designed to operate in the event of a
Control Programmer and Camera Sequencer
failure. Thus, destruction of the fuse for the
sequencer power supply still permitted the P-
Channel to function with one camera. The
amount of short-circuit current possible from
either unregulated bus was determined by the
current-carrying capabilities of the silicon-
controlled rectifier (SCR) switches, and these
lines were fused.
The output of the P-Channel Battery was fused
only in the line to the Low-Current Voltage
Regulator (LC VR) whieh supplied power to the
cruise-mode telemetry and temperature sen-
sors. The output of the F-Channel Battery was
fused only in the line between the Electronic
Clock and the Subsystem test console of the
0SE. This was done to protect the Battery in
the event that accidental grounding occurred
outside the vehicle during testing.
b. OPERATION
When the "Cruise-Mode On" command was
received, contacts in the Command Switch
closed, connecting the P-Channel Battery to
the LCVR through a fuse (see Figure 171). The
LCVR was in parallel with relay K3 whichthen
energized to connect the output of the LCVR
r
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Figure 171. "Cruise-Mode Telemetry" Command
Circuitry, Simplified Schematic Diagram
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oTABLE 38
POWER DISTRIBUTION FOR THE RANGER TV SUBSYSTEM, SPLIT-SYSTEM
CONFIGURATION
Assembly
Reference
Designation
Type of
Voltage
Approximate
Current
(amperes)
Remarks
F-Channel Distribution
Camera Electronics F a
Camera Electronics F b
Transmitter Power Supply
DCU
Clock
Command Control Unit
Terminal-Mode Telemetry
Sequencer Power Supply
A6
A7
A16
A34
A35
A39
A26
A28
Unregulated
Regulated
Unregulated
Regulated
Unregulated
Battery
Battery
Battery
Regulated
Unregulated
Regulated
"1.2
0.7
"1.2
0.7
10.0
0. i
0.04
mm_
0.3
0.4
1.4
Fused
Fused
Fused
Fused
Four wires, not fused
Not fused
Not fused
Not fused
Not fused
Not fused
Not fused
P-Channel Distribution
Camera Electronics P1
Camera Electronics P2
Camera Electronics P3
Camera Electronics P4
Transmitter Power Supply
A2
A3
A4
A5
A21
Unregulated
Regulated
Unregulated
Regulated
Unregulated
Regulated
Unregulated
Regulated
Unregulated
Unregulated
*2.5
0.7
0.6
*2.5
0.7
*2.5
0.6
*2.5
10.0
Fused
Fused
Fused
Fused
Fused
Fused
Fused
Fused
Fused
Four wires, not fused
*Peak Current
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TABLE 38
POWER DISTRIBUTION FOR THE RANGER TV SUBSYSTEM, SPLIT-SYSTEM
CONFIGURATION (Continued)
Assembly
Reference
Designation
Type of
Voltage
Approximate
Current
(amperes)
Remarks
P-Channel Distribution (Continued)
Command Control Unit
Sequencer Power Supply
Low-Current Voltage
Regulator
A39
A28
A17
Battery
Regulated
Regulated
Battery
0.3
1.5
0.05
Not fused
Not fused
Fused
Fused
to the input of the cruise-mode telemetry and
the temperature sensors. The short-circuit
load current of the LCVR was 400 milliam-
peres; therefore, a short in either the cruise-
mode telemetry or the temperature sensors
would not harm the Battery. However, a short
circuit in the LCVR itself could cause fuse
A1A1F6 to blow, thus deenergizing relay K3.
At the "Terminal Mode" command, the F-
Channel HCVR energized and power was then
applied to the cruise-mode telemetry and the
temperature sensors through fuse A1A1F5
and the normally closed contacts on relay K3.
This permitted the return of telemetry infor-
mation during "Terminal Mode" even though
the LCVR was inoperative.
The "Warm-up" command from the spacecraft
Central Computer and Sequencer (CC&S), at
the "Terminal Mode" maneuver, energized
relay K2 (see Figure 172). The gates of the
SCR's in both HCVR's were grounded (through
220-ohm, 14-watt resistors R1 and R2) by the
closure of independent contacts of relay K2.
Both HCVR's were then energized, supplying
power to the Ranger TV Subsystem.
Upon actuation of a separation switch at
Spacecraft-Agena separation, latching relay K1
was energized, connecting the F-Channel Bat-
tery to the Electronic Clock. A telemetry point
was routed from the Electronic Clock through
the DCU to the cruise-mode telemetry. After a
preset time had elapsed, the gate of the SCR
in the F-Channel HCVR was grounded, through
resistor R1, thus energizing the F-Channel (see
Figure 172). A "Clock-Reset" signal (RTC-5)
via the RCA/JPL interface could have been
used to deenergize the Electronic Clockduring
flight.
During test, independent switches in the Sub-
system test console of the OSEwere connected
in parallel with contacts of relay K2 via the
RCA test plugs. These switches energized
either channel by grounding the appropriate
SCR gate through resistor R1 (F-Channel) or
resistor R2 (P-Channel).
One signal from the RCA/JPL interface was
capable of initiating "Full Power" turn-on for
both channels; independent "Full Power" sig-
nals could be initiated by this one signal from
each half of the TV Subsystem. The RCA/JPL
interface signal was divided and isolated by
means of diodes. Diodes also isolated the F-
and P-Channels from each other for emer-
gency telemetry.
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Figure 172. Subsystem Turn-On Circuitry, Simplified Schematic Diagram
c. TESTING
Eight Distribution Control Units were built
for the split-system configurations. They con-
sisted of six flight models, an engineering test
model, and a qualification test model. The
qualification test model and the six flight units
were tested in accordance with the applicable
specifications. A special test fixture was de-
signed and fabricated to test and verify the
operation of each DCU. All units operated
satisfactorily.
5. Power Control Unit (PCU)
a. DESIGN APPROACH
The Power Control Unit (PCU) was designed
to turn off power in the F- and P-Channels of
the Ranger TV Subsystem when desired. It
was an emergency technique which would not
be used during a normal mission. However, if
during flight, the TV Subsystem experienced
an inadvertent turn-on which could abort the
mission, the PCU would be commanded from
the ground to turn the TV Subsystem off. In
addition to this function, the PCU was to be
used extensively to turn off the TV Subsystem
during the electrical integration test cycle.
b. OPERATION
The operation of the PCU was identical for
both the F-Channel and the P-Channel. Figure
173 shows the complete turn-off circuit f or the
F-Channel, and Figure 174 shows the block
diagram of the PCU. Assume power was
applied to the F-Channel by turning onthe SCR
in the F-Channel High-Current Voltage Regu-
lator. When the F-Channel SCR was conducting,
a voltage of approximately -35 volts was im-
pressed across capacitor C3 and the TV Subsys-
tem load (about 2 ohms when the Subsystem is
in full power). The F-Channel turn-off capaci-
tor C1 would also charge to this potential with
-35 volts on the Subsystem side and zero at the
anode of CR6, the SCR for the I_U.
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Figure 173. F-Channel Power Turn-Off Circuitry
When the Command Switch was stepped to the
"Emergency On" position by the RTC-7 com-
mand, the operate coil of latching relay K1
energized, contacts 2 and 5 relay K1 closed,
thus enabling K2 to energize when the next
RTC-7 command stepped the command switch
to "zero". Because this was a latching relay,
contacts 2 and 5 stayed in this position until
the release coil of K1 was energized.
When the Command Switch was stepped to zero
via the RTC-7 command, K2 energized, then
CR7, CR4, CR6, and the SCR conducted. When
CR6 conducted, the ground side of turn-off
capacitor C1 went to a value of -35 volts and
the negative side of C1 immediately experi-
enced more than -35 volts. This increase in
negative voltage back-biased the SCR in the
HCVR and turned it off. This negative C1 pulse
was limited by capacitor C3 which was used
as a shunt. CR6 of the SCR turned off because
the cathode current was limited below the
holding current by R1 (36 kilohms). A typical
turn-off pulse is shown in Figure 175.
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Figure 174. Power Control Unit (PCU), Block Diagram
c. TESTING
Nine Power Control Units were built. They
were a QTM, LTM, PTM, and six flight units
{which included two spares}. The six flight
units and the PTM were flight-acceptance
tested, the QTM was qualification tested, and
the LTM was life tested. A special test fixture
was designed and fabricated to simulate the
actual circuitry and commands the PCU would
receive in the TV Subsystem. The test fixture
circuit is shown in Figure 176.
All flight units and the QTM were environ-
mentally tested in accordance with the appli-
cable specifications. The following tests were
performed on the QTM:
• Temperature storage;
• Vibration;
• Shock;
• Acceleration;
• Thermal humidity;
• Thermal vacuum; and
• Explosive atmosphere.
The Power Control Unit successfully per-
formed its function of turning off the TV
Subsystem in the Full-Power Mode.
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6. Electronic Clock
The TV Subsystem split-system configuration
incorporated a command Clock to initiate F-
Channel operation at a preset time before
lunar impact. The Clock was to be a backup
command to the prime commands (CC&S
warm-up and RTC-7 warm-up). The prime
commands were dependent upon the spacecraft
command link being functional at the initiation
of the terminal maneuver because the CC&S
command counter was to be triggered by the
RTC- 6 command. The count operation was to be
initiated by a microswitch closure upon
Spacecraft-Agena separation approximately 20
minutes after launch. The Electronic Clock
was to be preset prior to lift-off for initiation
of F-Channel operation at impact minus 45
minutes. This time was based upon prelaunch
predictions for arrival time dispersions as a
function of the booster performance, and was
dependent upon the midcourse correction capa-
bilities. The one-sigma probability error for
predicting normal impact time was 30 min-
utes. After a consideration of impact time
prediction and total safe operating time for
the TV Subsystem assemblies, a preset
time of impact {I) minus 30 minutes was
chosen for the Ranger VI and VII missions;
however, the trajectory for these missions
yielded an earlier arrival time than the pre-
dictions. The Ranger VIII and IX Electronic
Clocks were preset for initiation at 1-45
minutes. The Ranger VIII Electronic Clockwas
preset to initiate F-Channel at separation plus
dl PCU JI
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Figure 176. PCU, Test Fixture Circuit
64.25 hours, and the Ranger IX Clock was
preset for operation at separation plus 63.5
hours. In case the mission trajectories were
such that the Clock would initiate F-Channel
operation at a time greater than the allowable
operating time for the Subsystem, it could be
disabled or deactivated by the transmission of
an RTC-5 command. Because the RTC-5
command served multiple functions in Rangers
VII, VIH and IX, an inhibit circuit in the Sub-
system control circuitry prevented the RTC-5
command from disabling the Clock until the
.interval of separation(s) plus 32 hours had
elapsed. An output at 32 hours disabled the
inhibit circuit and permitted the Clock to be
reset upon initiation of the RTC-5 command.
The S+ 32 inhibit circuit also prevented the
Clock(in case of a counting-rate failure} from
supplying an output to the F-Channel until
after the S+ 32 hours had elapsed.
a. DESIGN APPROACH
The Electronic Clock assembly was a solid-
state timer with an overall accuracy of ±5
minutes over the total mission time duration.
The Clock was designed to provide prede-
termined outputs, in 15-minute increments,
between 60 and 70 hours; however, the range
194
- VOLUME 3 SECTION III
could accommodate any time between 0 and 128
hours.
The Clock timing signal was derived from a
Wein-Bridge oscillator operating at 100 cps.
The oscillator fed an Incremag saturable
magnetic core, which stored and divided the
100-cps pulses until saturation was reached
after 15 minutes of time integration; the core
then emptied and pulsed a one-shot multivi-
brator circuit. The multivibrator, in turn,
drove a digital counter chain and time-decode
gate. The divide-by-256 counter chain (2 9
storage capacity) registered each 15-minute
pulse and provided the output to the time-
decode gating circuits. The time-decode gate
was controlled by a shorting plug which was
wired to correspond to the binarynumber equal
to the turn-on time (expressed in quarter-
hours). When the binary function of the plug
agreed with the digital counter output, the
time-decode gate generated a command to step
the Command Switch, thus activating the F-
Channel operation. The counter gave a telem-
etry indication (point 9 of the 15-point telem-
etry) of the accumulated time count at 8, 16,
24, 32, 48, and 64 hours, plus a step at clock-
start initiation (i.e., time equal zero count),
through a digital-to-analog converter. The
Electronic Clock assembly was packaged in a
box approximately 4 inches x 8 inches x 2
inches and equipped with flanges on the sides
for mounting to the structure. The assembly
had two slide-in printed circuit boards with all
electrical interconnections hard-wired be-
tween the boards and to the two 25-pin con-
nectors mounted to the cover. All electrical
interface connections (such as power, output,
and telemetry points) were routed through
one 25-pin connector (J1). The second con-
nector (J2) was provided for a time interval
plug which could be varied to determine the
interval between activation of power and the
Electronic Clock output.
b. OPERATION
The Electronic Clock operated continuously
upon application of power from the-31-to
-40-volt unregulated bus. Its purpose was to
provide an output at a predetermined time
from application of power. This output was
programmed into the clock prior to launch by
means of a time interval plug, which could
be set (at 15-minute intervals) between 60 and
70 hours from initiation of power. The clock
also provided telemetry verification of opera-
tion by means of an output which increased in
voltage, in one-volt steps, at 16, 32, 48, and
64 hours after start (later revised to 0, 8, 16,
24, 32, 48, 64 hours). A logic block diagram
of the Electronic Clock is shownin Figure 177.
A block diagram of the revised Clock is shown
in Figure 178.
The oscillator counter unit contained an in-
ternal voltage regulator which provided power
for the unit and drove an SCR reset circuit.
The oscillator unit was of the Wein-Bridge
configuration; however, it employed current
feedback rather than the more conventional
voltage feedback. This complemented the in-
herently low input impedance of transistor
amplifiers, allowed greater open-loop gain
and, thus, greater stability than was commonly
achieved. The oscillator drove an SCR buffer
stage which fed a magnetic core counter with
a divider of 900,000 to 1. The oscillator
operated from the -13-volt regulated supply of
the Electronic Clock and had two pulse outputs,
one at 10-second intervals and the other at
900-second intervals.
There were two voltage regulators in the
Electronic Clock delivering -13.0 and -24.5
volts DC to the Clock electronics. The
-13.0-volt DC regulator used a selected
temperature-compensated zener diode as a
voltage reference. This reference voltage and
a set fraction of the output voltage were fed
into the two inputs of a differential amplifier,
the output of which provided an error signal
for the series control transistor. The-24.5-
volt DC regulator derived its reference voltage
from the -13.0-volt DC regulator. This tech-
nique allowed the two regulators to track during
power turn-on and power interruptions. The
reference voltage drove a single-stage control
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amplifier which provided an error signal to the
series control transistor.
The reset circuit was a single-stage digital
amplifier which provided a pulse output of
about 40 milliseconds duration upon application
of power. The output of the reset, circuit pro-
vided a direct-coupled reset for all flip-flops
on the divider chain until any turn-on transients
on the power line had subsided.
The counter chain consisted of a one-shot
multivibrator for pulse forming and nine
flip-flop multivibrators connected in series.
The zero side of the one-shot and flip-flops
were brought out as test points, and also fed
into the time decode AND Gate through the
time-interval plug-in connector. The one-shot,
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the flip-flops, and the gate were packaged in
separate printed circuit modules.
The zero side of flip-flops 7, 8, and 9 fed into
gates which drove a resistance ladder to pro-
vide 1-volt analog steps at 16, 32, 48, and 64
hours {later changed to 0, 8, 16, 24, 32, 48, and
64 hours} after application of power. The
output of the converter was used as a telemetry
test point.
The output of the time-decode gate fed into a
3- to 6-millisecond delay circuit. The purpose
of this delay was to provide additional security
against spurious triggering of the output due to
noise and power interruption. The output con-
sisted of a single transistor switch which was
designed for minimum leakage when off, and
low saturation resistance when on.
D. DESIGN MODIFICATIONS AFTER
RANGER Vl
1. General
Following the failure of the Ranger VI Space-
craft to return video, an intensive investigation
was conducted by JPL and RCA to determine
the cause of failure. The results of all the
analyses and tests were inconclusive in that the
cause of the failure was not established in any
particular assembly or group. However, this
investigation established the probable cause
of failure to be the result of an inadvertent
turn-on of the TV Subsystem in a partial-
pressure environment during the initial-boost
phase of flight. Operation under these condi-
tions could cause arcing in both the camera
and transmitter chains, thereby causing the
failure of enough components to prevent the
transmission of any data during the period of
lunar encounter.
The prelaunch testing of the RA-6 TV Sub-
system at AED, JPL, and ETR proved the
reliability of the Controls Group under known
conditions. However, it appeared that an un-
known condition was present some time during
the flight which caused the TV Subsystem to
come into warm-up or full power during lfftoff.
Therefore, due to the unknown cause of the RA-6
failure, the Controls Group was redesigned
to minimize the possibility of inadvertant
turn-on.
2. Design Approach
Following the analysis of the potential problem
areas of the RA-6 Controls Group, the com-
mand philosophy and logic was revised. New
circuits were developed to meet the new
mission requirements. The following guide-
lines were used:
• Prevent the premature turn-on of the TV
Subsystem;
• Permit TV Subsystem turn-off if neces-
sary;
• Preserve the desirable features of the
former Controls Group;
• Permit TV Subsystem turn-on when de-
sired; and
• Minimize the changes to the existing
equipment.
Using these guidelines, circuits were devel-
oped and analyzed for both real and hypothetical
failure conditions. Then, each circuit was
worst-case analyzed to analytically check the
choice of component parts. The new Controls
Group was based on the following philosophy
and logic changes:
• Circuit effects on the battery SCR were
minimized;
@ Clock control was revised for single
battery dependence;
• Inadvertant turn-on command initiation
during launch was prevented;
• The continuous latching effectof the CC&S
warm-up relays was removed;
• The RTC-7 command systemwas revised
for exclusive turn-on of both channels
with complete channel redundancy;
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• Clock-output command was retained;
• CC&S full-power command was retained;
The time for the Control Programmer
and Camera Sequencer full-power com-
mand was changed from 5 minutes to 80
seconds after initiation of warm-up;
The RTC-5 command was assigned the
added function of turning off the Subsys-
tem, if necessary;
The reduced-power command was re-
vised to prevent it from being turned on
during flight; and
All ground checkout commands from the
blockhouse were eliminated, with the
exception of one {used to enable on-board
commands}.
A block diagram of the revised Controls Group
is shown in Figure 179; the associated logic
diagram is shown in Figure 180.
3. Electronic Clock
Only minor modifications were made to the
design of the split-system-configuration
Electronic Clock. These modifications con-
sisted of revising the telemetry verification
{by means of an output which increased in
voltage, at one-volt steps} intervals to 0, 8,
16, 24, 32, 48 and 64 hours. The zero side of
flip-flops 7, 8, and 9, which provided 1-volt
analog steps, {see Figure 177) had their
interval changed to provide these data at 0, 8,
16, 24, 32, 48, and 64 hours. A photograph of
the Electronic Clock is shown in Figure 181.
4. Command Control Unit (CCU)
a. DESIGN
The Command Control Unit was designed and
developed as a result of the RA-6 failure.
The CCU replaced both the Command Switch
and the Power Control Unit (PCU) andfulfllled
the following purposes:
• It contained circuitry to turn off power
in the F- and P-Channels of the Ranger
TV Subsystem.
• It contained circuitry to transfer the
Electronic Clock Start Command to the
Distribution Control Unit (DCU).
$ It contained circuitry to enable F-Channel
turn-on via the Electronic Clock, and
inhibited Clock output command and Clock
turn-off command for 32 hours.
• It contained isolation diodes to isolate the
unregulated bus.
The block diagram of the CCU is shown in
Figure 182 and a photograph is shown in
Figure 183.
b. OPERATION
The power and signal inputs for the CCU are
shown in Tables 39 and 40, respectively.
The CCU was required to operate on simulated
command signals to the TV Subsystem during
prelaunch checkout. The command signals were
capable of performing the same function during
the mission as during the prelaunch checkouts,
except thatthe "Cruise Test" and "Cruise Off"
commands were not available during the mis-
sion. During the operational mission, the CCU
was capable of receiving commands from the
JPL Bus to turn off the TV Subsystem and
turn on the F-Channel via the TV Subsystem
Electronic Clock.
The turn-off circuits for both the F- and P-
Channels are identical; Figure 184 shows a
simplified schematic of the F-Channel turn-off
circuitry. During normal operation, power was
applied to the F-Channel by turning on the
silicon-controlled rectifier (SCR) in the High-
Current Voltage Regulator {HCVR). A nominal
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voltage of approximately 31 volts was im- 
pressed across capacitors C1 and C3, and the 
TV Subsystem channel load (which was approxi- 
mately two ohms when the Subsystem was in 
full power). Capacitor C1, which was the F- 
Channel turn-off capacitor, charged to 31 volts 
on the Subsystem side and zero on the anode 
side of CR2 in the SCR. 
When an RTC-5 command was received by the 
TV Subsystem, the gate of SCR CR2 was 
grounded (through diode CR2 and resistor R5); 
this, in turn, caused SCR CR2 to conduct. The 
anode voltage of SCR CR2 immediately de- 
creased to a negative value of aPProximatelY 
Figure 181. Photograph of Electronic Clock 
'2.001 Ibs., 8 inches long,2 inches high,4 inches wide) 
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Figure 182. Command Control Unit (CCU), Block Diagram 
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F-Channel High-Current 
Voltage Regulator 
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Figure 183. Photograph of Command Control Unit (CCU) 
(2.024 Ibs., 4 inches long, 3-1/2 inches high, 3-3/4 
inches wide) 
DC power 30.5 to 40.0 
DC power 30.5 to 40.0 
DC power 29.5 to 39.0 
DC power 29.5 to 39.0 
-31 volts and the positive side of turn-off 
capacitor C1 also immediately went to ap- 
proximately -31 volts. The change on the nega- 
tive side of C 1  was more than minus 31 volts, 
and this negative pulse was coupled back to the 
SCR in the HCVR. This increased negative 
voltage back-biased the SCR sufficiently to 
turn off the TV Subsystem. The negative C1 
BAT 
I 
L - - - - - J  ' I  I RTC - 5  COMMAND 
Figure 184. CCU, F-Channel Turn-Off Circuitry, 
Simplified Schematic Diagram 
pulse was limited by capacitor C3 which was 
used a s  a shunt. SCR CR2 also turned off be- 
cause its cathode current was limited below 
the holding current (by the 36-kilohm re- 
sistor R6). 
The Electronic Clock start command was 
initiated by a separation switch closure on 
the J P L  Bus. This command was capacitive- 
coupled to relay,K4 reset coil in the CCU and 
to relay K 1  set coil in the DCU (see Figure 
185). When the set coil of K1 in the DCU was 
energized. F-Channel battery voltage was 
applied tothe Electronic Clock, and this started 
the Clock counting. The energizing of the 
reset coil of K4 in the CCU ensured that the 
K4 contacts were open, and thus inhibited, for 
TABLE 39 
COMMAND CONTROL UNIT, POWER INPUTS 
Power Input 
Negative F-Battery 
volt age 
Negative P-Battery 
voltage 
Unregulated negative 
DC (F) 
Unregulated negative 
DC (P) 
2 02 
Source level 
(volts, DC) Form 1 
1 I 
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TABLE 40
COMMAND CONTROL UNIT, SIGNAL INPUTS
Command
Clock Start
RTC-5
Cruise On
Cruise Off*
Cruise On Test*
F-Channel Warm-up
Source
JPL Bus
JPL Bus
JPL Bus
OSE, Unit 18
OSE, Unit 18
Clock
Form
Contact closure
Contact closure
Contact closure
Contact closure
Contact closure
Saturated transistor
Level
(volts, DC)
0
0
0
-28
-28
-0.2
*Used for launch-pad checkout only
32 hours, Clock turn-off by RTC-5 and Clock
F-Channel warm-up output command. Thirty-
two hours after the Clock was turned on, a
-13-volt output from the Clock turned on
transistor Q1 in the CCU. The transistor out-
put energized the set coil of relay K4 which,
in turn, enabled the F-Channel warm-up com-
mand from the Clock to turn on the F-Channel
at a time determined by theCloekplug (A35P2);
it also enabled an RTC-5 command to turn off
the electronic clock.
The relay logic for the various cruise-mode
commands is shown in Figure 186. During a
mission, the Cruise On command was used
TO-G.0 _E,-- -1
RT e . , CHECK'OUT, v_v I CLOCK
.... .'3-_ K4 CLOCK'OFI _ I_, START
_U.MANU I. _ _ I \4 I
c,? - _ FC"A_NELIRE:"l I
.-HOUR K, i
(CLOCK Rg_ RESET SET (7_tL'_ _ I
OUTPUT) "1 _ _ '
F-CH_NEL --- I J_.l. "_6_F I K, SET I
WARM-UP I I _ _._F._. .... _L_ I ;LOCKICLOCK) L -= . ,EL,Y
CLOCK /I C2 I .=;, ] L . _ .mJ CHANNEL
!Uc;:
as a backup command to the Cruise Test com-
mand which was initiated prior to launch.
This command was capacitive-coupled to
relay K3 set coil in the CCU. The set coil of
K3 was energized and P-Channel battery
voltage was applied to the Low-Current Voltage
Regulator (LCVR) which drove the temperature
sensors and the cruise-mode telemetry. The
Cruise Test command initiated cruise mode
just prior to launch. When this command was
initiated, approximately -36 volts DC was
_CCU
P-CHANNEL I 3'
BATTERYi - K3
I -J-- c, _R8
I, KI KZ' I_TO..
CRUISE
TEST, '1I__J-K,'CRUISE OFF f
CRUISE ON L ..... I _j
3
LCVR
DCU 1
RESET I
LF-CHANNELJ
BATTERYj!
Figure 185. CCU, Clock Start Command Circuitry,
Simplified Schematic Diagram
Figure 186. CCU, Cruise Mode Command Circuitry,
Simplified Schematic Diagram
2O3
suppliedbythe console power supply to ener-
gize relays K1 and K2. The set coil of relay
KS was, in turn, energized and P-Channel
battery voltage was applied to the LCVR (which
drove the cruise-mode telemetry and the
temperature sensors). When K1 was energized,
it also provided a capacitive-coupled signal
to the reset coil for the clock relay (K1) in the
DCU. The Cruise Off command could not be
used during the flight because it was a ground
command only. When this command was ini-
tiated, approximately -36 volts was supplied
by the console power supply to the CCU. This
voltage energized the reset coil of relay K3
which, in turn, opened the K3 contacts and
removed P-Channel battery voltage from the
LCVR.
The CCU contained four diodes (two diodes in
series for each channel) for the purpose of
redundant powering of the telemetry chassis
(A26). When either F- or P-Channel went into
warm-up, unregulated DC voltage was supplied
to the telemetry regulator. An isolation diode
was added in series with the K4 relay contacts
through which passed the RTC-5 command to
turn off the Clock. The purpose of this diode
was to isolate the channels in the event of a
failure in one of the channels (through the
turn-off SC R' s).
c. TEST
Several Command Control Units were built
for the modified split-system (Post-RA-6)
configuration. In addition, two test fixtures
were built to thoroughly check the CCU before
it was installed on the Ranger TV Subsystem.
The test fixture was designed to check all the
inputs and outputs of the CCU, and contained
lights to indicate proper operation of the CCU.
In addition, test points were located in the
test fixture so that an oscilloscope could be
connected into the circuits and polaroid pic-
tures could be taken of the waveforms. A
schematic diagram of the test configuration is
shown in Figure 187.
The CCU had power applied to it during the
entire mission; therefore, an electrical sensing
test fixture was designed to sense for
inadvertent turn-on of the turn-off SCR's, and
to sense for relay chattering during vibration
testing of the flight units and during vibration
acceleration and shock testing of the qualifi-
cation unit. A schematic of the sensing test
fixture is shown in Figure 188.
In order to ensure the reliability of the relays
used in the CCU, a special series of relay tests
were performed prior to installation of the
relays in the CCU. The tests conducted were
as follows.
• Measure pull-in voltage of coil;
• Measure contact resistance;
• Measure dropout voltage of coil; and
• Monitor closed contacts of the relay
during various environmental tests.
These tests were performed for an accelera-
tion of 100g maximum for 2.5 minutes on 3 axes
(coil energized and deenergized); shock at 50g
sawtooth for 5 milliseconds on 3 axes (coil
energized and deenergized; vibration on 3 axes,
10 to 55 cps 0.195-inch excursions random
for 2.5 minutes each axis (coil energized and
deenergized); and 55 to 2000 cps, 30g sweep
for 2.5 minutes each axis (coil energized and
deenergized).
d. SUMMARY
The Command Control Unit successfully per-
formed its function during testing and during
flight.
5. Distribution Control Unit (DCU)
a. DESIGN
As a result of the RA-6 failure, the Distribu-
tion Control Unit (DCU) was modified both
mechanically and electrically as follows:
• Removed relay K3 and associated
circuitry;
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Figure 187. CCU, Electrical Test Configuration
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• Removed relay K2 and associated
circuitry;
• Changed internal wiring due to deletion
of Command Switch and PCU and addition
of Command Control Unit current sensor
unit and the new telemetry functions;
• Increased thickness of cover; and
• Improved mechanical method of ground-
Ing.
A block diagram of the redesigned DCU is
shown in Figure 189 and a photograph is
shown in Figure 190.
b. OPERATION
The entire circuit for emergency telemetry
in the split-system configuration was made
obsolete by the modified split-system. There-
fore, relay K3, diodes CR4 and CR12, and
associated wiring were removed from the DCU.
C ruise-Mode telemetry circuitry was changed
to the following configuration. At "Cruise Mode
-36V
 ,oo. ,oo¢
DSI _ 1_10 0i"LIo0 j_. .
220_ _ \
" <
C3_A't 3ev
OS3 _ __ DS4
I CCU
<1
Figure 188. CCU, Vibration Sensing Test Fixture,
Schematic Diagram
On" command, contacts in the Command
Control Unit (CCU) closed, connecting the P-
Channel Battery to the LCVR through a three-
ampere fuse. The output of the LCVR was
DCU A34
F-CHANNEL
FULL BATTERY
POWER
CC&SWARMUP
TO
CAMERAS
FOSL F b
F-CHANNEL
CC&S
FULL
POWER
CC & S
WARMUP
UNREGULATED
F-CHANNEL
REGULATED
F-CHANNEL
FULL POWER
ELECTRONIC
CLOCK POWER
CLOCK
CLOCK
OFF
UNREG,
F-CHANNEL
F-CHANNEL
BATTERY
UNREG,
P-CHANNEL
P-CHANNEL
BATTERY
(FUSED)
TO CAM
PITHRU
P4
A26)
P-CHANNEL, ,REGULATED
REGULATED
'UNREG PWR
TO CAM
PtTHRU CC _S
P4 WARM UP
P-CHANNEL
f FULL PWR.
LCVR- 27. ,5 V
(TO CSU)
LCVR - 2"L 5V
(TO TEMP
SENSOR)
LCVR OUTPUT
-275V
Figure 189. Distribution Control Unit (DCU), Revised
(Post RA-6) Block Diagram
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Figure 190. Photograph of Distribution 
Control Unit (DCU) 
(2.132 Ibs . ,  3-1/2 inches long, 4-3/4 inches high, 
4 inches wide) 
connected to the input of the Cruise-Mode 
telemetry and the temperature sensors. The 
short-circuit load curreDt of the LCVR was 
400 milliamperes. Therefore, a short in either 
the Cruise Mode telemetry or the temperature 
sensor would not harm the Battery. However, 
a short circuit in the LCVR itself would cause 
fuse AlAlF6 to blow, thus opening the circuit 
and providing protection to the P-Channel 
Battery . 
The removal of relay K2 and associated cir- 
cuitry made the Clock-simulate F- and P- 
Channel commands obsolete and, therefore, 
fuse AlAlF7 was disconnected. The CC&S 
warm-up operation was as follows. A warm-up 
command from the spacecraft Central Com- 
puter and Sequencer (CC&S) at  "Terminal 
Mode" manuever grounded the anode of diodes 
CR1 and CR2 in each HCVR; the warm-up 
SCR's were  thereby energized in each HCVR, 
and supplied power to the TV Subsystem. 
The Clock command operation was modified. 
Upon actuation of a separation switch on the 
JPL Ranger Spacecraft, latching relay K1  was 
energized, connecting the F-Channel Battery 
to the Electronic Clock. A telemetry point was 
routed from the Clock through the DCU to the 
Cruise-Mode telemetry. A "Clock-Reset" 
signal (RTC-5) via the RCA/JPL interface 
could be used to deenergize the Clockduring 
flight after 32 hours of Clockturn-on. 
c. MECHANICAL MODIFICATIONS 
Mechanical improvements to the DCU were as  
follows. 
0 The baseplate, used to attach the entire 
assembly to the lowest shelf of the TV 
Subsystem structure, was stiffened by 
increasing its thiclmess from 1/32 to 
1/16 of an inch. 
0 The pins of connector 52, which werethe 
ground connector for the DCU, were 
originally all made common by splitting 
the strands of the No. 1 0  ground wire 
and laying it along the pins and soldering. 
This was mechanically changed by de- 
signing a copper bar that fitted securely 
on the connector, thus making all pins 
common. In addition, two No. 10  wires 
(instead of one) were used to connect 5 2  
to the ground terminal board (TB1). 
0 53 and 54, which provided the DC return 
for F- and P-Channel respectively, each 
had several pins that were made common 
in the same manner as 52. In addition, 
only one No. 14 wire from each jack 
went to TB1. This was modified so that 
two No. 20 wires from each jack went to 
TB1. In addition, the bussing method was 
changed to a 360" bus-wire-wrapping 
technique around each pin which was to 
be soldered. 
d. SUMMARY 
The DCU performed its function with a mini- 
mum of problems from its initial design for 
the split-system configuration to its final 
redesign in the modified split-system con- 
figuration. 
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Section IV
Power Group
A. PROPOSED POWER GROUP CONFIGU-
RATION
The mission requirements dictated that the
Ranger TV Subsystem be equipped with an
electrical power source, regulation, and dis-
tribution network which _vould operate inde-
penclently of the spacecraft electrical power
subsystem. In the TV Subsystem, power was
to be supplied during a brief prelaunch check-
out, during the flight to the Moon, and during
the final picture-taking sequence of the
Ranger mission.
The parameters which affected the selection of
the design characteristics of the assemblies for
the electrical power group were developed as
a part of the subsystem analysis performed by
RCA. These parameters were as follows:
• Power requirements of the assemblies
that made up the TV Subsystem;
• Space, weight, and thermal constraints
imposed upon the Subsystem; and
• Mission duration.
1. Design Approach
The nature of the mission was such that the
demand of the TV Subsystem for power would
be only a minimum during the 65.68-hour pe-
riod from launch up to completion of the
spacecraft terminal maneuver with the major
power demand of nearly a kilowatt occurring
during the 0.42-hour terminal descent phase.
Batteries were the logical choice as thepower
source for the TV Subsystem to satisfy the
mission requirements within the noted design
constraints. Since the mission required only a
single, short-term high-power demand, the
ability to withstand numerous charge-
discharge cycles was not a factor in selecting
the power storage configuration. Therefore,
prime consideration was given to the factors
of energy storage capacity per unit weight and
per unit volume. Regulation ofthebatteryvolt-
age could be accomplished using regulators
which had been successfully employed inother
space vehicle power supplies.
The power supply was to be as redundant and
reliable as possible, consistent with all other
constraints. There was never any change in this
requirement throughout the program.
2. Technical Description of the Proposed Group
The proposed arrangement of the power supply
is shown in Figure 191. For reasons of re-
liability and redundancy, the power supply con-
tained two batteries, each capable of supplying
65 percent of the total watt-hour demand, as
defined by the initial power profile, paralleled
and isolated by means of diodes. (The total
watt-hour demand was defined as the total
energy at the loads plus energy lost due to
regulator inefficiency.} This proposed config-
uration provided for maximum protection of
one battery if a failure occurred in the other
battery. The regulator was to supply-27.5
• 0.5 volts, and the total load current was_ be
less than 1.5 amperes except during the last
--Z7.5±0.5
VOLTS
Figure 191. Proposed Arrangement of Power Group
Configuration Block Diagram
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25 minutesof the mission whenthe current
would increaseto 12.35amperes(withinter-
mittentpeaksof 1.85amperesmaximumsuper-
imposedonthe12.35-amperelevel}.Thepower
distribution networkandrequiredoutputvolt-
agesare shownin Figure 192.
A silver-zinc storagecell wasselectedon the
basisof maximumenergyper unit volumeand
becauseit hadno serious limitations for the
plannedmission. There were to beeither 14
or 21 cells (dependinguponthetypeof regu-
lator selected,buck-boostor series, respec-
tively} and these were to be enclosedin a
high-strengthcaseof either stainlesssteelor
magnesium.Based on an energydensity of
50 watt-hoursper pound,theanticipatedindi-
vidual battery weight was about40 pounds.
Thetotal batteryvolumewasnotspecifiedbe-
causethe battery shapehad notbeendefined
at thattime.
Thechoiceof regulatorswasbetweenasome-
whatlighter supplyconfigurationusingabuck-
boost type regulator (lighter weightachieved
asthe result of improvedregulatorefficiency}
andamorereliableconfigurationusingaseries
typeof regulator.Usingreliability astheprime
consideration,the series-type regulator was
selected.
B. DESIGN AND DEVELOPMENT OF
POWER GROUP CONFIGURATION
1. Initial Configuration
The summary power profile for the proposed
Ranger TV Subsystem was modified for the
initial design to reflect changes in both the
TV Subsystem operational sequence and in the
equipment assemblies. The initial energy load
profile was based upon the operation of:
• Several secondary scientific experiments;
• Camera and Camera Sequencers;
• Thermal Control;
• Telemetry for the entire 66-hour mission;
and,
• Transmitters.
The profile was modified for the initial design
as a result of the decisions to exclude the
secondary scientific experiments and to turn
on the camera sequencers at 15 minutes be-
fore impact. The cruise-mode power profile
consisted of 5 watts for engineering telemetry
and 10 watts for thermal control. The power
profile during the terminal mode of operation
was also modified as a result of changing the
warm-up period from 15 minutes to 5 minutes
and requiring the simultaneous operation of
two video transmitters. The initial power
drain was to occur during the 5-minute pre-
launch checkout of the TV Subsystem. A con-
stant load of 15 watts was to be required from
launch until 15 minutes before impact (for
the cruise-mode engineering telemetry and the
thermal control}, at which time the warm-up
command was to be received by the TV Sub-
system. All equipment would then be energized
with the exception of the high voltage for the
transmitters. When commanded on at 10 min-
utes before impact, the TV Subsystem would
begin operation in the full-power mode.
As a definition design was completed for each
part of the Subsystem, the estimate of energy
requirements became more accurate. Power
curves for the first-definition design of indi-
vidual units are shown in Figures 193 through
196. The regulated and unregulated power re-
quired by individual units during each of the
major periods of the mission are given in
Table 41. The energy input to, and dissipation
in the voltage regulator, were determined
using Table 41 and Figures 197 and 198. The
initial-configuration total-power p r o f i 1e is
shown in Figure 199. It was decided that the
transmitters and camera shutters were to op-
erate from unregulated battery voltage to re-
duce the current drain on the regulator. Al-
though in-flight battery charging was not a
mission requirement, the prelaunchoperations
of on-pad tests and countdowns in the event
of a launch-day abort could discharge the
battery sufficiently to warrant a partial re-
210
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Figure 200. Initial Battery-Regulator Interconnection,
Block Diagram
Figure 199. Total Power-Drain Profile
charge of the battery. To satisfy this require-
ment the silver-zinc battery had to have a
capability for at least two recharge cycles,
and the system connections for battery charg-
ing has to be included in the umbilical cable.
The initial battery-regulator interconnection
diagram is shown in Figure 200. Diodes D3
and D4 were to be used in the battery-charging
circuit of the umbilical cord; this circuit was
to be used to charge the batteries when they
were mounted in the TV Subsystem and when
the TV Subsystem, as part of the Ranger Space-
craft, was on the launching pad. If either the
umbilical cord or its connector to the Sub-
system was shorted, diodes D3 and D4 would
become reverse-biased and would prevent
discharging of the batteries.
The design of the Power Group was later modi-
fied to include one Low-Current Voltage Regu-
lator (LCVR), to supply regulated voltage for
the cruise mode of operation and one High-
Current Voltage Regulator (HCVR}, to supply
regulated voltage during the peak loads which
would occur in the last fifteen minutes of the
mission. A simplified block diagram of the
interconnection between the batteries and the
High- and Low-Current Voltage Regulators as
it existed just prior to the split-system con-
figuration is shown in Figure 201.
SUBSYSTEM TURN - OFF
_._CR TURN - ON I I
_NEGATIVE CHARGE I .= I_...I _...,,-z7.5(_,,__, , VOLTSNEGATIVE
BATTERY A' - I" IJNREGU-
i_I - I IHCVR LATED DC
_OMMANO,
( )1 - _TCHjBATTERY_-I I - I '_
[ (+)_LCVR I CIRCUIT I,-I--l,,-27.5
[ "'1 [(AI7) I VOLTS
Figure 201. Initial Configuration of the Power Group,
Block Diagram
2. Split-System Configuration
The design philosophy applied to the split-
system configuration of the TV Subsystem
required that the initial Power Group config-
uration be modified. The two batteries were
to be changed from a redundant configuration
to one inwhich each batterywould independently
provide power to one of the two channels
(F or P). Thus, if a failure occurred in one
channel, the other channel would still have
full power available and would continue to
operate.
With the split-system configuration the mis-
sion requirements were modified, resulting
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in a modification of the operating times for
the F- and P-Channels. In this new configura-
tion, the F-Channel could be in "Warm-up"
and "Terminal" operating modes for a total
of 60 minutes and the P-Channel could operate
for 30 minutes. The new time-discharge pro-
files for the two channels are listed in Tables
42 and 43.
An additional modification was the addition of
a second High-Current Voltage Regulator, thus
providing one HCVR for each battery. The
block diagram of the split-system configura-
tion of the Power Group is shown in
Figure 2 02.
C. DESIGN AND DEVELOPMENT OF BAT-
TERIES
1. Initial Design
The initial design incorporated two batteries
that were to feed a common voltage regulator
and were to be isolated by diodes to prevent
a malfunction in one of the battery units from
affecting the performance of the other battery.
Each battery was to consist of 21 series-
connected, silver-zinc electric storage cells
in either a hermetically sealed stainless-
steel or anodic-magnesium case. Each cell
was to be matched for voltage and storage
characteristics, and each would be constructed
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J _. BATTERY 2
HCVR (A22)
,_l JREGULATOR I l .
,- • i  UNREGULATEDOCFOR
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< CHANNEL B TURN ON
Figure 202. Split-System Configuration of the Power Group, Block Diagram
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TABLE 42
F-CHANNEL, TIME-DISCHARGE PROFILE
Discharge
Current
(amp)
8.4 ±0.05
0.05 ±0.01
7.6 _0.05
14.0 _0.05
Discharge
Time
5 rain
65 hr
5 min
1 hr
Operating
Mode
"Prelauneh"
"Cruise"
"Warm-up"
"Terminal"
TABLE 43
P-CHANNEL, TIME-DISCHARGE PROFILE
Discharge
Current
(amp)
10.2 _0.05
0.16 ±0.01
9.6 ±0.05
16.0 ±0.05
Discharge
Time
5 min
65 hr, 30 min.
5 min
30 min
Operating
Mode
"Prelaunch"
"Cruise"
"Warm-up"
"Terminal"
to minimize battery degradation due to elec-
trolyte evaporation, separator deterioration,
internal short circuits, and poor heat dissipa-
tion. The batteries were to be capable ofbeing
rechargeable for ground testing, but would not
be recharged during the mission. A Subsystem
test set of batteries and a flightsetof batteries
would be provided with each TV Subsystem.
The test set ofbatteries would furnish internal
power during the integration and testing of the
Subsystem, and would be recharged as required
during testing.The flightset of batteries were
to be inserted after completion of the final
Subsystem tests, and before the Subsystem
was mated with the Ranger Spacecraft to mini-
mize the accumulated test time on the flight
batteries. Each battery was to have a rated
nominal capacity of greater than 1800 watt-
hours, which provided a 200 watt-hour margin
of safety. Battery weight was estimated to be
approximately 43 pounds each, and the volume
approximately 1000 cubic inches.
The internal and external sterility of the
battery units was to be considered in the de-
sign of the batteries and in the selection of
the battery-mounting locations on the struc-
ture. However, this requirement was later
eliminated.
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2. Battery Fabrication 
The Electric Storage Ba,,sry Company (ESB) , 
Missile Battery Division of Raleigh, N.C.,  was 
selected (through the process of competitive 
bids and vendor qualification) to supply the bat- 
teries. In a preliminary design by ESB, it was 
indicated that 21 cells could not supply the re- 
quired terminal voltage. RCA agreed to use 22 
cells per battery. The revised estimated bat- 
tery weight was less than 47 pounds and the 
estimated dimensions were 18 x 9 x 6 inches. 
The maximum terminal voltage variation that 
was expected was from -41.5 to -30.5 volts 
DC. 
During the different tests performed, prob- 
lems such as low voltage because of insuffici- 
ent electrolyte, low r e  s i s t a n  c e to ground 
because of improper sealing, electrolyte leak- 
age, 'twickingtt of the log wires, andpoor adhe- 
sion to the silver lead wires occurred and 
were subsequently overcome by improved 
manufacturing and quality control techniques. 
Typical discharge curves and cell voltage 
curves taken during testing are shown in 
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Figures 203 and 204. Discharge data on test 
cells with excess electrolyte, given in Table 
44, indicated that cell voltage increased, but 
only after a full  recharge in the presence of 
excess electrolyte. During qualification test- 
ing (see Table 45), battery flexing resulted 
in a cracked cell and, therefore, electrolyte 
leakage. For this reason, the battery was 
redesigned to improve battery reliability. At 
the same time an evaluation of materials was 
made for a replacement for the polystyrene 
used in the cell cases. This redesign also 
permitted the end-to-end cementing of the 
five- and six-cell monoblocs, increasing flex 
resistance of the battery considerably. Each 
11-cell monobloc was then assembled with its 
wiring connections made and potting channels 
cemented in place before the monobloc was 
placed in the magnesium chassis. Aphotograph 
of the battery is shown in Figure 205. 
With incorporation of all of the modifications 
brought about as a result of testing, the two 
batteries were capable of supplying more than 
twice the power required for a normal mission 
without recharging. The end-of-discharge point 
40 
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Figure 203. Typical Battery Discharge Curves for the Power Group 
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Figure 204. Typical Cell-Voltage-Discharge Curves 
for each battery was 30.45 volts. Each battery 
was constructed of 22 silver-zinc cells en- 
cased in two 11-cell monobloc rows made of 
a new plastic, Cycolac (white, T-2502). The 
monoblocs were mounted in a magnesium case 
approximately 18 x 7 x 6 inches. The battery 
weight was approximately 43 pounds. 
3. Battery Test and Evaluation 
In the initial configuration, the batteries were 
arranged in a load-sharing configuration. The 
test plan required these batteries to be sub- 
jected to current drains equivalent to the 
mission profile (each battery supplied one-half 
of the total load) for five simulated missions 
of 66 hours each, during which each battery 
was off for the first 16 hours of each mission 
and on for 50 hours of each mission. A t  the 
completion of these five simulated missions, 
each battery w a s  recharged. The tests were 
again repeated on a single battery for a total 
of 500 hours in  a life test to accumulate data 
for reliability predictions. The tested battery 
Figure 205. Initial-Design Battery Configuration 
(43.406 Ibs., 15 inches long, 5-3/4 inches high, 7-1/4 
inches wide) 
performed with no apparent problems. Fol- 
lowing the change to the split-system con- 
figuration, another production unit battery 
was again subjected to the same type of life 
test. For these tests, this battery was sub- 
jected to the new split-system-configuration 
power profile. Again, no problems were en- 
countered and the battery was considered 
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TABLE 44
TYPICAL DISCHARGE DATA AT 50°F AFTER INCREASING ELECTROLYTE AND RECHARGE
Discharge Time
(minutes)
0
0
1
2
3
4
5
5
6
7
8
9
10
10
11
12
13
14
15
15
16
Discharge Rate
(amps)
open circuit
14.6
14. 6
14.6
14.6
14.6
1_. 6
45.0
45.0
45.0
45.0
Cell No. 16
-f-10 cc
Electrolyte
Cell Voltage (volts)
45.0
45.0
30.0
30.0
30.0
30.0
30.0
30.0
100.0
96.0
1.84
1.56
1.50
1.50+
1.50+
1.50
1.50
1.38
1.40
1.40
1.40
Cell No. 17
-t-20 cc
Electrolyte
1.40
1.40
1.44
1.44
1.44
1.44
i. 44+
1.44+
1.26
1.26
1.84+
1.54
1.50+
1.51
1.51
1.50
1.50+
1.40
1.42
1.42
1.42
1.41
1.41
1.45
1.45
1.46
1.46
1.46
1.46
1.28
i. 30
Cell No. 18
-t-29 cc
Electrolyte
1.84+
1.56
1.50
1.51
1.51
1.50+
1.50+
1.38
1.41
1.41
1.41
1.41
1.41
1.44
1.44
1.44
1.46-
1.46-
1.46-
1.28
1.29
Note: Specification minimum cell voltage at 45 ampsis 1.38 volts
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TABLE 45
QUALIFICATION TEST PROGRAM
Test
High-Temperature Storage
Low-Temperature Storage
Ethylene Oxide Exposure
Environment
36 hours at 125 ° C
36 hours at 65 ° C
(except batteries,
78 hours at 54 ° C)
36 hours at-10 ° C
36 hours at 0 ° C
_xceptbatteries,
78 hours atl0 ° C)
35 to 90% RH
30 ±10 ° C
24-hour exposure
Equipment
Condition
Nonoperative
Nonoperative
Nonoperative
Capacity Withdrawn
(AH) in Verifying
Operation
2.42
2.42
2.42
Acceleration 14g, both directions Nonoperative 2.42
3 planes
Vibration Nonoperative5g sine,
13g white noise,
15 to 1500 cycles
2.5 sweeps in 10 minutes
3 planes
Shock 100g, both directions Nonoperative 2.42
3 planes
Temperature-Humidity Operative
Operative
Operative
Operative
Stabilize at 10 ° C, 95% RH
Stabilize at 25 ° C
Stabilize at 65 ° C, 95% RH
(batteries 54 ° C)
Stabilize at 25 ° C
Commercial Butane at 20
to 50 ° C. Rich, interme-
diate, and lean mixtures
at sea level, 10,000 ft.
and 40,000 ft.
Explosive Atmosphere Operative
2.42
2.42
2.42
2.42
7.36
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TABLE 45 
QUALIFICATION TEST PROGRAM (Continued) 
Test 
Thermal Vacuum 
Capacity Withdrawn 
Equipment (AH) in Verifying 
Condition 
Operation 
Environment 
I I 
stabilize at 10' C, hold 
1 hour; stabilize at 6 5 O  C 
(batteries 54O C), hold 
1 hour 
Surface Sterilization Douse mating surfaces Inoperative 2.42 
with isopropyl alcohol 
Total Capacity 43 AH 
Removed 
acceptable. The split-system battery con- 
figuration was the configuration which was 
aboard Ranger VI. Channel-8 telemetry data 
received from Ranger VI during the mission 
indicated that both batteries were operational 
and performed properly during the mission. 
No design changes were made in the batteries 
which were aboard Rangers VII, VIII, and IX. 
However, as a result oftheRA-6failure, a new 
mission profile was developed, and the battery 
test  program was modified accordingly. A s  a 
result of the new mission profile, the batteries 
were  again subjected to thermal-vacuum envi- 
ronment tests and to qualification-level vibra- 
tion and shock tests. With no problems having 
been encountered, the batteries were again suc- 
cessfully subjected to a simulated mission in 
the thermal-vacuum environment. The revised 
test plan was used for the batteries (2 flight 
units and 2 spares) used on RA-7, RA-8, and 
RA-9. 
4. Battery Improvements 
The initial battery design was designated the 
Model 202. Although the Model 202 was fully 
qualified to perform the Ranger mission, the 
extra reliability which might be gained by 
introducing different manufacturing techniques 
were evaluated, 
A s  a result of this investigation, some changes 
were suggested for the new Block 111 Bat- 
teries. A revised seal design similar to that 
used on the new Ranger Bus battery was to 
be incorporated. In this design the lead wires 
were sealed in epoxy before electrolyte was 
added to the battery. The electrolyte was 
poured through a hole in a cell cover which 
w a s  then sealed. In the Model 202 design, 
the electrolyte was  added to the cell and then 
the lead wires were sealed with epoxy resin. 
Creeping of the electrolyte up the lead wires 
had caused difficulties in obtaining an airtight 
seal and some batteries had been damaged 
during manufacturing. It was believed that the 
new seal design would improve the reliability, 
and produce lower rejection rates. The heater 
and thermostat, which could be weak pressure 
points during vibration and shock of the case, 
would be removed. The front of the battery 
would be covered with an insulating material 
to preveiit shorting. Eight of these batteries 
were delivered to RCA by the vendor, and a 
program of qualification testing was started. 
2 21 
A photograph of this version of the battery 
is shown in Figure 206. 
The missionprofile for P-Channelwas run, and 
the battery was then subjected to the tempera- 
ture storage portion of the applicable speci- 
fication; this was performed successfully. 
Just prior to commencing mechanical shock 
tests, it was noticed the battery cover seal 
was leaking electrolyte ; all testing was stopped 
and the battery was returned to the vendor for 
exam inat ion. 
Four additional batteries were received at 
RCA for test. It soon became obvious that a 
serious fault existed in each of these units, 
because after (or during) any temperature 
cycle the unit developed a low resistance to 
the case. In these batteries as part of their 
final assembly stage, liquid epoxy resin was 
poured around the monobloc units to seal them 
into the magnesium case. Examination indi- 
cated that the epoxy formed a stronger bond 
to the matte finish paint on the case than to 
the gloss paint specified in the initial design. 
This bond was so strong that the differential 
contraction with thermal changes caused high 
stresses between the monobloc walls and the 
magnesium case. When, submitted to thermal 
cycling the epoxy-to-monobloc-wall bond in 
the battery w a s  broken allowing the electro- 
lyte to leak through the wall fracture and 
touch the magnesium case. This caused a 
low resistance between the battery terminal 
and case ground. 
This problem didnot exist in the initial design 
since the paint-to-epoxy bond broke under 
thermal cycling and no s t ress  was induced in 
the cell wall. To remedy this problem, each 
monobloc was wrapped with a layer of adhesive 
Teflon tape before final assembly. When the 
epoxy was  poured around the monoblocs, each 
was held securely in place but the epoxy did 
not form a strong bond to the Teflon tape. 
Figure 206. Modified-Design Battery Configuration 
battery shock test was performed at J P L  in 
Pasadena, California. 
Although the improved design was qualified, 
other factors such as test and flight experience 
with the original configuration, and schedule 
constraints, precluded a design changeover, 
Therefore, the batteries on Rangers VII, VIII, 
and M were essentially unchanged from those 
proposed initially. 
D. DESIGN AND DEVELOPMENT OF VOLT- 
AGE REGULATORS 
1. Initial Design 
The summary power profile for the Ranger TV 
Subsystem was modified from the original to 
reflect the fact that the secondary scientific 
experiments were deleted, and the power re- 
quired for the Subsystem consisted only of the 
TV Subsystem equipment requirements. Dur- 
ing the cruise mode, 10  watts of power were to 
be required for thermal control and 5 watts were 
to be required for engineering telemetry. The 
terminal mode was shortened to a five-minute 
warm-up period requiring approximately 100 -~ - - .  
The next three improved modelsdidnot exhibit 
this leakage fault, and two batteries were suc- 
cessfully acceptance-tested. The third battery 
was subjected to the full qualification tests. The 
watts, and a ten-minute warm-up period re- 
quiring approximately 345 watts average power. 
The changes in the power profile reduced the 
weight advantage of the buck-boost regulator 
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and, to achieve the goal of a reliable power sup-
ply, it was decided to use a series regulator.
The regulator was capable of maintaining -27.5
• 0.5 volts output voltage and would accept input
variations of from -30.45 to -39.3 volts.
The main components of the series regulator
were: a constant reference voltage, an error
detector, an amplifier, and a series regulating
element. (A block diagram of the regulator is
shown in Figure 207.) A sensitive differential
amplifier was used as the error detector. One
input to the differential amplifier wasprovided
by a temperature-stabilized voltage reference
diode; the other input was derived from the reg-
ulated bus voltage. Several stages of amplifi-
cation were used to amplify the error voltage
obtained from the differential amplifier. The
amplified error voltage was used to drive the
series regulator element which consisted of
matched transistors operating in parallel.
The approximate load-current variations on the
regulator were from 0.5 ampere during cruise
mode to 12 amperes duringterminal mode. The
regulator was also required to supply transient
peak currents up to 15.5 amperes during termi-
nal mode. A single transistor was not available
to handle such large currents, so several trans-
istors were required operating in parallel.
Durin G the period inwhich solutionswere being
proposed to load-share and reliably operate
several transistors inparallel, itwas found that
the transmitters could operate from unregu-
lated power. This meant a reduction in load
current supplied by the regulator to slightly
less than 5 amperes for the TV Subsystem;
the batteries would supply the additional load
current directly to the transmitters.
The reduced load-current requirements for the
regulator meant that the regulator weight would
be reduced, the heat-dissipation problem
eased, and two silicon high-power 2N1490 tran-
sistors operated in parallel would be used as
the high-power series control element. A
breadboard regulator was constructed using
four low-power transistors (2N329A) as dif-
ferential amplifier and amplifier, and a med-
ium-power transistor (2N1486) driver for the
CO!UNREGULATED BU S!
FROM BATTERY _ _EGU
IELE
_L IREGULATEO
1
E
BUS
TO LOADS D
- 27.5 +_ O.5VDC
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Figure 207. Initial-Design Voltage Regulator, Block
Diagram
two high-power transistors (2N1490) series
control element. The series transistors were
selected to have matched current-gains. Emit-
ter and base resistors were added to ensure
reliable high-temperature operation, and to
maintain load sharing between transistors
within accepted limits. The breadboard regu-
lator accepted input-voltage variations of -30
to -40 volts, load current variations of 0 to
5.0 amperes, and temperature variations of 0
to 72 ° C; under all conditions, the output voltage
remained within _0.5 volts. Actual measure-
ments indicated the largest deviation in output
voltage was +0.25 volt due to increasing the
ambient temperature from 0 to 72 ° C.
a. INITIAL DESIGN MODIFICATIONS
The TV Subsystem command switch originally
consisted of large, bulky, high-current relays.
In order to simplify this switch, the diodes
which were used to isolate the batteries were
replaced with silicon-controlled rectifiers
(SCR). One high-current SCR could easilyhan-
dle the total load-current, and it also had the
property of not conducting current in the re-
verse direction, so that the batterieswould still
be isolated from each other. The change to
the use of SCR' s for the terminal-mode switch-
ing function meant that one regulator could not
be used to supply both eruise and terminal loads
223
{because it would only turn on for the terminal
mode). Therefore, a Low-Current Voltage
Regulator {LCVR) was designed to handle the
cruise-mode loads and would remain on dur-
ing terminal mode. The low-current regu-
lator received its input power from either one
of the batte rie s, through diode s, and was turned
onby a conventional relay. The thermal design
of the Subsystem was modified atthis time to a
completely passive system so that heater-
control power for the batteries during cruise
mode was no longer required. The battery tem-
perature would be controlled with heat supplied
by painted fins intercepting sunlight. The load-
power requirement on this low-current regu-
lator was then approximately 5 watts for
engineering telemetry.
The selected design of the low-current regula-
tor was the simple, series-type. It consists of
a medium-power transistor (2N1486) as the
series control element, and of two low-power
(2Nl132) transistors as the differential am-
plifier which drives the control transistor. A
schematic diagram of the LCVR is shown in
Figure 208. This regulator was required to
supply only one load of approximately 0.2
ampere and, therefore, it was designed to
maintain regulation within +0.5-volt limits over
a limited current range. Measurements on a
breadboard version of this regulator indicated
that the regulator would remain within ±0.5-
volt regulated voltage limits for input varia-
tions of from -30 to -42 volts, load current
variations of from 0.13 to 0.34 ampere, and
temperature variations of from 0 to 65 ° C.
This measured performance was found to be
satisfactory as the power supply for the Chan-
nel-8 telemetry.
A design review of the High-Current Voltage
Regulator (HCVR) uncovered the possibility
that, under certain conditions, the High-
Current Voltage Regulator would not turn on
when input power was applied. A few isolated
occurrences during breadboard testing indi-
cated that the regulator did not turn on the
first time input power was applied but, by
turning off the power and then turning it on
again, the regulator would then turn on.
{Turn-on is accomplished by a small amount
CRz
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Figure 208. Low-Current Voltage Regulator, Schernati¢ Diagram
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of leakage current flowing through the series 
transistors to supply power to the low-power 
transistors.) Since the amount of leakage 
current is a variable, the design review board 
recommended a turn-on circuit to guarantee 
reliable turn-on of the regulator. The turn-on 
circuit consisted of a resistive voltage- 
divider connected to the input power terminal, 
and the output of this divider connected 
(through a divider) to the base of the low- 
current amplifier. Turning on the input power 
would cause the low-power transistor ampli- 
fier to turn on. This would turn on the 
medium-power driver and series transistors. 
A s  soon as the seriespower transistors turned 
on, all of the remaining transistors would turn 
on. A s  the regulator approached full turn-on, 
the diode in the turn-on circuit would be re- 
verse-biased and therefore, the turn-on cir- 
cuit would not interfere with normal operation 
of the regulator. The low-current regulator 
was designed to turn on by adding a resistor 
which provided a current conduction path be- 
tween base and collector of the series tran- 
sistor. When input power was applied, there 
was sufficient base current flowing to guarantee 
turn-on of the series transistor and the re- 
mainder of the regulator. This type of turn-on 
circuit, compared to the high-current regulator 
turn-on circuit, had the advantage of simplicity 
and reliability at the cost of some small re- 
duction in regulation capability of the regulator. 
No other problems were found in the regulator 
by the design review board or in further testing, 
and the design of the regulatorwas not changed 
after the final review. 
b. INITIAL DESIGN TEST MODELS 
The following test models were constructed for 
both the low-current and high-current regu- 
lators: 
0 Engineering test model: 
0 Qualification test model: and 
0 Life test model. 
An additional test model was constructed for 
the Proof Test Model of the TV Subsystem; 
however, this model was equivalent to a flight 
model and was not used in the regulator (as- 
sembly level) test program. The test models 
were used to solve packaging problems, to 
prove electrical performance of the regulator 
in its final configuration, to prove performance 
under all environmental test conditions, andto 
demonstrate sufficient life expectancy to suc- 
cessfullyperform allpre-mission tests and the 
Ranger mission itself. The test models success- 
fully passed all of the tests, and only minor 
mechanical design modifications were re- 
quired. The successful completion of all of the 
development tests indicated that the regulator 
designs would meet all of the requirements of 
the Ranger testplan and mission without prob- 
lems or  further design changes. 
A photograph of the engineering test model of 
both regulators i s  shown in Figure 209. These 
two models were built primarily to verify the 
configuration and solve some of the packaging 
problems. While these models were not con- 
structed SO that they would pass environmental 
tests, the models did provide the basis for the 
final mechanical configuration. Electrical 
tests on the engineering test models proved 
that the regulators would pass all tests when 
assembled into this configuration. 
The mechanical configuration of each regu- 
lator was determined primarily by the space 
Figure 209. Engineering Test Models of the High- and 
Low-Current Voltage Regulators 
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available for mounting the regulator on the ve- 
hicle, the heat-sinking requirements, and the 
problem of providing for input- and output- 
connecting wires. In the case of the high-current 
regulator, the low-power electronic circuitry 
was mounted on a component board, and the 
high-power SCR's and series transistors were 
mounted on an aluminum heat-sink base. The 
component board was mounted on the chassis 
above the heat-sink base, and the heat-sink 
base was mounted directly on the spacecraft. 
The spacecraft structure acted a s  the final 
heat-sink for the heat dissipated in the regu- 
lator. The input and output leads came out 
opposite sides of the regulator. 
The low-current regulator had a similar de- 
sign, with the low-power electronics mounted 
on a component board and the medium-power 
series transistor mounted on an aluminum 
baseplate. The component board was mounted 
at right angles to the baseplate, and one con- 
nector for input and output leads was mounted 
on the top of the regulator. The baseplate was 
attached directly to the spacecraft structure 
which then acted as  the final heat sink. 
The proof test models of both regulators are 
shown in Figure 210. Both models were con- 
structed to the final design configuration, and 
to the final workmanship standards such that 
they would pass all of the prototype environ- 
mental tests of the applicable specifications. 
The mechanical configuration of the high-cur- 
rent regulator was essentially identical to the 
engineering test model. The primary improve- 
ments that were  made were in the mechanical 
structure to provide stronger support for the 
component board and to strengthen the 
baseplate so that it would pass vibration tests. 
The weight of the regulator was reduced by 
using magnesium rather than aluminum for the 
b.aseplate. 
The mechanical configuration of the low- 
current regulator was changed from the 
engineering test model version so that the 
regulator would be mounted on the structure 
in a horizontal, rather than avertical, position. 
The overall size of the regulator was not sig- 
nificantly changed; however, the component 
board was  mounted above the baseplate, and 
the input-output connector was mounted on the 
side of the case opposite to the baseplate. This 
configuration was chosen so that the regulator 
could be mounted on the underside of the struc- 
ture mounting-plate to provide better utilization 
of the space available. The regulator structure 
was strengthened so that it would survive the 
vibration environment. 
The life test models of the LCVR and HCVR 
a. High-Current Voltage Regulator b. Low-Current Voltage Regulator 
Figure 210. Proof Test Models of the High- and Low-Current Voltage Regulators 
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were constructed identically to the proof test
models. The life test consisted of 500 hours
of operation, and the test was performed to
demonstrate that the regulator had a highprob-
ability of successfully passing all Rangerpre-
mission tests and of performing the Ranger
mission. There were no significant differences
between the data on the life test models and
the proof test models.
C. TEST PROGRAM
The primary electrical tests were performed
on the regulators to measure the regulation
characteristics during and after exposure to
various environments. Both regulators were
required to maintain -27.5 _0.5 volts as the
input voltage was varied, the load current was
varied, and the temperature was varied from
-10 to +65° C. For the low-current voltage
regulator, the input voltage was varied from
-30.5 to -46.0 volts and the load current was
varied from 0.14 to 0.36 ampere. For the
high-current voltage regulator, the input volt-
age was varied from -30.5 to -36 volts and the
load current from 0.5 to 5.6 amperes. Addi-
tional electrical tests were performed on the
regulators while the output voltage was ob-
served with an oscilloscope to confirm that no
oscillations were present, to confirm that no
leakage was present to the outside case, to con-
firm that telemetry voltages were within ac-
ceptable limits, and to check battery protection
by ensuring that there was no failure of the
blocking diode or SCR when one input was
shorted while power was applied to the other
input. All regulators passed the voltage regu-
lation tests.
One model of each regulator was subjected to
the qualification tests of the applicable speci-
fication, in order to demonstrate that the
regulator design conformed to electrical and
environmental specifications. All of the tests
were conducted in accordance with the
applicable RCA specifications and no special or
unusual test configurations or special test
hardware were required. In every operational
test, the high-current voltage regulator was
turned on by "firing" the SCR's with an SCR-
firing circuit that duplicated the SCR-firing
circuit in the spacecraft. The regulation char-
acteristics were measured and a leakage test
was performed. No major problems were
encountered.
Acceptance tests were performed on all produc-
tion assemblies of both types of regulators to
prove conformance of the assemblies to the
detail specification requirements and the ac-
ceptance test requirements of the applicable
specification. Each production assembly was
thoroughly tested and any discrepancies in the
regulator were corrected before the regulator
was submitted to an acceptance test. The
units were considered acceptable after a
vibration test and a thermal-vacuum test with
appropriate electrical tests. No special test
configurations or special test hardware were
required. All of the regulators passed the ac-
ceptance tests without difficulty; therefore, no
design changes were required.
One model of each regulator was subjected to
a life test consisting of 500 hours of operation
with several turn-off and turn-on cycles. The
purpose of the life test was to demonstrate
that expected reliability of the regulators was
sufficient to perform all of the spacecraft
system tests plus the actual mission. Each
regulator was mounted on a heat-sink plate
to simulate the heat sinkprovided bythe struc-
ture; the regulators were operated 24 hours a
day at maximum load conditions and the test
was interrupted six times for a turn-off and
turn-on cycle. At periodic intervals, the regu-
lated output voltage and telemetry voltage were
recorded. Duringthe entire 500 hours of opera-
tion, the regulated voltage remained within the
limits of -27.5 _0.5 volts and no failures of any
component occurred.
The regulators performed successfully in
all of the spacecraft system tests. In its
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applicationsin the TV Subsystem,the High-
Current VoltageRegulator was loadedto its
maximum capability andno additionalloads
couldbeplacedonthisregulator.SincetheHigh-
Current VoltageRegulatorwas supplyingits
maximumload,Subsystemmodificationswere
restricted to changeswhichwouldnotincrease
thetotal powerdrain. Bothregulatorspassed
all simulatedmissiontestssuccessfully.
2. Split-System Configuration
a. DESIGN MODIFICATIONS
The change in the electrical power require-
ments resulting from the split-system concept
was that two High-Current Voltage Regulators
were to supply power to two essentially in-
dependent camera and transmitter chains of
the TV Subsystem (P- and F-Channels). This
change in system concept caused the load on
each regulator to be reduced by approximately
one-half of the previous load which was sup-
plied by one regulator. Therewere no changes
in the power requirements on the Low-Current
Voltage Regulator; however, the input power
to the regulator was supplied by only one battery
(Channel B). Two fuses in the high-current
regulator were changed from wire fuses to
glass-enclosed fuses. These two fuses were
used in the battery-voltage monitoring circuit
and were not a part of the in-line flight
system.
There were no changes in the design of the
regulating circuits of the regulators as a result
of the split-system concept. Certainperipheral
changes were made to modify the regulators so
that they could accept power from only one
source and to delete components and wiring
that were no longer required. The changes in
the High-Current Voltage Regulator were:
• One silicon-controlled rectifier was re-
moved;
• The second battery terminal stud was
removed;
• A blocking diode in the battery-charging
circuit was removed;
• Wire fuses were changed to glass-tube
fuse s;
• The wiring associated with the deleted
components were removed.
The deletion of these components improved the
reliability of the regulator and decreased its
weight by approximately seven ounces. Since
each regulator was required to supply only
one-half of the power previously required, the
operating reliability of the regulator was
increased. The changes in the low-current
voltage regulator were:
• The removal of one blocking diode in the
power input circuit; and
• The removal of wiring no longer required.
The diode was removed to improve the reli-
ability of the regulator with no significant re-
duction in weight. The load on the regulator
was not changed and therefore no change inthe
operating reliability of the regulator was
expected.
The testing of the regulators, after the modi-
fications, was successful and no design modi-
fications were made on either regulator.
Mission requirements did not change regu-
lator design until the Ranger VI mission.
b. TEST PROGRAM
With the mission requirements and regulator
design unchanged from the original design, each
regulator was considered to be fully qualified
for the Ranger mission. However, since a sig-
nificant number of components and associated
wiring was removed from the high-current
regulator (affecting the weight and altering the
configuration), requalification of this regulator
was required.
The basic tests on each High-Current Voltage
Regulator were not changed as a result of the
split-system configuration. However, all test
procedures to the two-battery configuration
were appropriately modified to the single bat-
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tery configuration. The High-Current Voltage
Regulator was requalified in accordance with
the appropriate environmental specification.
The test results were similar to those obtained
for the initial configuration and no problems
were experienced with this regulator.
The acceptance tests were modified to reflect
the changes in the applicable environmental
specification and the fact that the regulators
received power from one input. The modified
regulators passed the acceptance testswithout
difficulty. No additional life tests were
performed on the regulators.
C. PERFORMANCE EVALUATION
During the Ranger VI mission, telemetry volt-
ages indicated that all of the voltage regulators
operated as designed. However, it is believed
that the High-Current Voltage Regulators
turned on during the launch phase because of
the receipt of a real or spurious command
from the Command Switch. Therewere no fail-
ures of any regulator and performance was nor-
mal throughout the entire mission.
3. Modifications After Ranger VI
a. DESIGN MODIFICATIONS
The basic design of the regulation circuitry
was not changed because the regulators per-
formed normally throughout the Ranger VI
mission and design reviews of the circuit did
not recommend any changes. However, the
analysis of the Ranger VI telemetry data indi-
cated that it would be desirable to change the
scale factor on the battery voltage and regulated
voltage telemetry so that small changes inthese
voltages could more easily be detected.
The design change in the telemetry circuit con-
sisted of placing two zener diodes in series
with the resistive voltage-divider and changing
the voltage-division ratio. This change reduced
the total range of voltages that could be meas-
ured, but it had the advantage that small changes
in the measured voltage caused a larger per-
centage change in the telemetry voltage. The
original voltage-division ratio was 8 to 1 and
the new ratio, after the design change, was a
nominal 2.75 to 1. The telemetry voltage was
approximately 3.5 times more sensitive to
changes in either the battery voltage or the
regulated output voltage. This change was made
in the battery-voltage and regulated-voltage
telemetry of the High-Current Voltage Regula-
tor and the regulated output-voltage telemetry
of the Low-Current Voltage Regulator.
The original design of the circuitry to turn on
the silicon-controlled rectifier was physically
located away from the High-Current Voltage
Regulator, and the possibility existed that ex-
ternal electrical disturbances could be propa-
gated into the gate of the silicon-controlled
rectifier and turn it on. In order to reduce the
possibility of an unexpected turn-on of the sili-
con-controlled rectifier, a portion of the
command-input module circuitry was mounted
in the High-Current Voltage Regulator in order
to shorten the lead length to the silicon-
controlled rectifier gate. The input circuitry
consisted of relays, resistors, and capacitors
which fed a reverse turn-on voltage to the
silicon-controlled rectifier gate when the SCR
was off and supplied a turn-on voltage to the
SCR after a turn-on command voltage had been
applied to the input at the proper voltage for a
minimum period of time.
The silicon-controlled rectifier (the switch to
turn on both the high-current regulator andthe
camera chain} was replaced with one of higher
reliability. The manufacturer performed a
series of 10 special selection tests which
measured every parameter and performance
characteristic of the SCR, and onlythose SCR's
which passed all of the tests within tightly
specified limits were shipped.
The fuses in the battery-charging circuitwere
removed because the batteries no longer re-
quired charging while they were mounted in
the spacecraft. The space made available by
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this modificationwas usedfor thecommand-
inputmodulecircuitry.
b. TEST PROGRAM
There were no changes in the regulation tests
on the regulator since there were no changes
in the regulation circuitry. The turn-on pro-
cedure for the SCR and the limits on the meas-
ured telemetry voltage were modified. A series
of tests were performed on the high-current
regulator after it had been modified with the
command-input module circuitry, to determine
if the SCR could be turned on by an external
electrical discharge. A version of this test
was incorporated into the qualification test pro-
cedure. All of the changes to the electrical
test procedure were incorporated into a revised
test procedure. The major revisions were:
• Changed test to measure the SCR turn-on
characteristic.
• Changed voltage limits on telemetry
voltages.
• Duplicated various turn-on procedures
in order to demonstrate interlocking
features of SCR on circuitry.
• Added SCR turn-on pulse test to demon-
strate that SCR would not respond to
transients and that time delay of input
turn-on voltage was required.
• Changed load current requirement on
Low-Current Voltage Regulator to match
actual requirements of a new telemetry
commutator switch.
• Changed environmental test procedures
to agree with appropriate environmental
specification (the major change in this
procedure was that the regulators would
operate throughout every environmental
test because it was planned to turn on the
telemetry system before launch}.
The electrical discharge tests on the High-
Current Voltage Regulator indicated that the
silicon-controlled rectifier would not turn on if
the case of the regulator was grounded. If the
electrical discharge were made to an un-
grounded case, the SCR would turn on and some
components in the High- Current Voltage Regu-
lator would be damaged. However, this condi-
tion was considered unrealistic for a mission
as the regulator was grounded to the Spacecraft
and shielded by both the Subsystem and Agena
shrouds.
After the modifications were completed, a
model of each regulator was requalified in
accordance with the latest revision of the ap-
plicable environmental specification. The
major change in the qualification test was that
the regulators were operating during all en-
vironmental tests whereas previouslytheyonly
operated during the thermal-vacuum. The rea-
son for the change was that the telemetry was to
be turned onbefore launch. An additional quali-
fication test performed on the High-Current
Voltage Regulator consisted of discharging a
capacitor near and on the regulator. The pur-
pose of the test was to demonstrate that the
silicon-controlled rectifier could not be turned
on by an external spark discharge. The High-
Current Voltage Regulator passed all of the
qualification tests.
The changes made to the Low-Current Voltage
Regulator were minor; however, itwas decided
to requalify this regulator in conjunction with a
new telemetry commutator. The regulator was
operated throughout each test with the teleme-
try commutator connected. The Low-Current
Voltage Regulator passed all of the qualification
tests.
After modifications, all models of both regu-
lators passed all the acceptance tests in ac-
cordance with applicable test procedures and
with the latest revision of the appropriate
environmentalspecification. Duringthe vibra-
tiontests, the regulators were operatedfor the
first time.
After the flight units of the High-Current Volt-
age Regulator hadpassed acceptance tests, one
of the gate leads on the silicon-controlled recti-
fiers were found to have a faultyweld joint. The
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a. High-Current Voltage Regulator b. Low-Current Voltage Regulator 
Figure 211. Final Configuration of HCVR and LCVR 
(2.673 Ibs., 3-1/4 inches long, 4 inches high, 4-1/2 inches wide; 0.467 Ibs., 3-1/4 inches long, 
2-1/2 inches high, 1-1/2 inches wide) 
other regulators were inspected and no other 
faulty welds were found; however, some of the 
welds were poor. For reliability, the weld 
joints of all the other silicon-controlled recti- 
fier gzte !ezds were coated with a layer of 
silver-filled (conducting) epoxy, and a layer of 
insulating (non-conducting) epoxy to reinforce 
the joint. NASA issued a report, while the 
above repairs were taking place, on the poor 
reliability experience of Raytheon Type 2N329A 
transistors. Four of these transistors used in 
each High-Current Voltage Regulator, were 
X-rayed and potential reliability problems 
(loose material) were found. The transistors 
were replaced with Sperry type 2N239A tran- 
sistors,  and the regulators were electrically 
tested with the new transistors installed. 
The regulators were re-submitted to accept- 
ance tests and each regulator passed the tests. 
The use of the new telemetry commutator re- 
duced the power drain on the Low-Current 
Voltage Regulator from250 to 150 ma. Because 
of the change in load, all the flight and spare 
Low-Current Voltage Regulators were read- 
justed to provide nominal output voltage of -2 7.5 
volts at 150 ma rather than at 250 ma. The 
adjustment of output voltage was performed by 
varying a 500-ohm potentiometer; this adjust- 
ment did not require that the regulators pass 
the acceptance test again. No additional life 
tests were performed on either regulator. 
c. PERFORMANCE EVALUATION 
The High-and the Low-Current Voltage Regu- 
lators performed satisfactorily for the Ranger 
VII, VIII, and M missions. The output voltage 
was within the limits of -27.5 *0.5 volts. The 
final design configuration of the LCVR and 
HCVR are shown in Figure 211. 
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Section V
Thermal Group
A. INITIAL-DESIGN CONSIDERATIONS
1. Design Variables and Operational
Requirements
The overall result of the thermal analysis was
the establishment of controls and the continu-
ous temperature-time history of each module
from launch to impact on the Moon.
The design objective for thermal control of the
Ranger TV Subsystem was based upon the pas-
sive method of temperature control. The pri-
mary design variables for such a system are
as follows:
. The location of the electronic modules
within the spacecraft;
• The emissivity and solar absorptivity
of all exposed surfaces; and
• The mass available for heat sinks.
Since the Subsystem was to consist of modules
having a wide range of thermal dissipation, it
was required that each module be treated as
an individual unit and that a thermal analysis
be performed to establish the temperature-
time history prediction for each unit under
the following modes of operation and environ-
mental conditions:
. The 100-nautical-mile parking orbit;
• The passage through the Earth's shadow;
• The solar-oriented cruise (first phase);
$ The midcourse maneuver;
• The solar-oriented cruise (second
phase).
• The terminal maneuver attitude (one-
hour duration) ;
• The TV Subsystem warm-up mode (five-
minute duration); and
• The TV Subsystem full-power mode (ten-
minute duration).
2. Thermal-Model Concept
A detailed thermal model of the Subsystem was
conceived in preparation for the required
thermal analysis. As envisioned, the model was
to consist basically of two elemental thermal
bodies as illustrated in Figure 212. The upper
body was a section of a cylinder 16 inches in
diameter and 15 inches in height. The lower
body was a section of cone having a base di-
ameter of 25 inches, a top diameter of 16 inches
and an altitude of 44 inches. A structural ele-
ment separating the two bodies acted as a
thermal shield to minimize radiative coupling
between the sections. A second insulative
structure was used at the baseplate to minimize
heat transfer from baseplate-mounted com-
ponents to the spacecraft during the terminal
phase of the mission.
SUN
OMNIDIRECTIONAL
"I_"_'--A NT ENNA
ANTENNA INTERFACE .._ _CYLINDRICAL SECTION
INSULATION/L'J _-_'CAM E RA BOX
_'_AXIAL SECTION
RAD,AT,O._.,E,.DTFE _:_._E,.ECT,O,,CS
.......... .__--l____/-_"SE,NSU'AT,ON
Figure 212. Configuration of Initial Thermal Model
For this configuration, it was determined that
the maximum temperature of the conical
section would be approximately + 34 degrees C
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after the anticipated 15 minutes of Subsystem
operation during the terminal mode.
3. Analysis of Thermal Model
Three computer programs were used in the
analysis of the thermal model. One program
utilized an IBM 7090 computer to evaluate
configuration factors. The second program
utilized analog computing equipment to eval-
uate radiation-coupling factors (functions of
surface emissivities, module areas, and con-
figuration factors). The third program utilized
an RCA 501 computer to compute temperature-
time histories of the modules. This program
was designed for the temperature-time de-
pendence of a 30-body system with each body
exchanging energy with the others by radiation
and conduction.
Due to the complex geometry of the Subsystem,
effective evaluation of the conduction-coupling
factors, the radiation-coupling factors, and the
effective thermal mass of each module could
be obtained only from physical tests of a
thermal test model. For this reason, a struc-
turally accurate thermal control model (TCM)
was designed and constructed. The TCM con-
sisted of a basic structure, thermal shroud, and
dummy modules which simulated (in size, phy-
sical location, and thermal dissipation) the
electronic modules used in the Subsystem. The
internally generated energies of the electronic
modules were simulated in the dummy modules
by the use of cartridge heaters and resistors.
Table 46 lists the number, type, and wattage
rating of these heating elements together with
the thermal dissipation predicted for each of
the electronic modules.
4. Studies Performed
a. CONTACT-CONDUCTANCE STUDY
A study was made to evaluate the contact con-
ductances between mating surfaces. Contact
conductance approaching that of solid metal was
desirable between the electronic modules and
the structural mounting areas, to minimize the
thermal gradients. A literature search, and
experimental tests in a vacuum bell jar, in-
dicated that the following materials were
appropriate.
For removable modules:
• Soft aluminum shim at interface, to be
used once only and replaced upon dis-
mounting of the unit:
• Silicone grease at interface, to be used
only when all other methods prove ther-
mally nonacceptable.
For permanent mountings:
• Silver-filled epoxy resin, when maximum
thermal conductivity is demanded and
electrical insulation is not required;
$ Aluminum-oxide-filled epoxy resin, when
maximum thermal conductivity is de-
manded and electrical insulation is nec-
essary.
b. CONDUCTION-COUPLING STUDY
A second study was conducted to determine an
analytical expression for conduction coupling.
The first model investigated consisted of two
heat-dissipating bodies, mounted to an infinite
insulated plane. The model configuration was
mapped by means of complex variables to a
plane where the boundaries of the bodies ap-
peared as concentric rings. This was a situa-
tion for which the conduction equation could be
easily written. By using the appropriate com-
plex mapping function, the conduction equation
was written for the model, and an effective
conduction-coupling factor was obtained. The
model was extended to include many bodies on
a plane, with radiation exchange from the
surface.
C. SHROUD TEMPERATURE ANALYSIS
A major design change was made as a result
of the detailed analysis of the thermal model.
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It was determined that the a/c ratio (the ratio of
the solar absorptivity to the thermal emissiv-
ity) should be approximately 2.5 in order to
maintain a shield temperature of +10 degrees
C during cruise mode. Ratios of this magnitude
could be obtained from polished metals; how-
ever, these materials have properties which
preclude their usefor reliable thermal control.
Such properties are:
• Greatly increasing reflectivity with in-
creased angle of incidence;
• Dependence of a and _ upon degree of
polish, oxidation, etc.; and
• A ratio of hemispherical to normal emis-
sivity approaching 4/3
Consequently, a major design change was made
which incorporated four circular fins to the ex-
isting thermal shield. The fins were sized so
that the surface area of the shield was com-
pletely shadowed by the fins during the cruise
mode (when the fin surfaces are normal to
the solar field), thus eliminating the angular
incidence problem. The fins were to be fin-
ished with paints not easily affected by oxi-
dation or environment and whose spectral
properties could easily be measured. The
fins were to be bonded to the shield at the
bulkhead attachment points. An additional
advantage of this design change was the sim-
plification of the environmental testing pro-
cedure, in that heaters bonded to the under-
side of the fins replaced the complex
infrared-lamp installation originally plannedto
simulate the heat flux of the Sun.
d. ANALYSIS OF COMPONENT THERMAL MODEL
For the analysis leading to the final design
configuration, the component thermal model
consisted of two concentric isotherms withthe
inner isotherm bounding an area of heat genera-
tion. This was equivalent to a module having
a circular mounting area and placed in the
center of a circular plate. The differential
equation of heat is expressed by:
d2T 1 dT
---+---- CT 4+D=0
dt 2 r -_r
where
7 is the temperature,
r is the radius
k is the thermal conductivity
plate,
t is the thickness of the plate,
is the emissivity,
E is the incident thermal energy,
of the
O(CA +c B)
¢=
k:*
D = cA EA + eB As
kt
and subscripts A and B refer to the two sides
of the plate. The heat flux in the plate is given
by:
The differential equation was solved for various
values of C, D, and boundary conditions for
temperature gradient at the outer isotherm
radius. More than two thousand sets of tem-
perature and temperature-gradient curves
were computed. A major conclusion was that
the radiation-coupling factors were of sec-
ondary importance when compared to the
conduction-coupling factors for the internal
design. Consequently, increased effort was
placed on the prediction of conduction-coupling
factors, and the lengthy digital computer cal-
culations of internal-configuration factors and
radiation-coupling factors were d e e m e d
unnecessary.
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e. CONDUCTION-COUPLING FACTOR PREDICTIONS
Since conduction was determined to be the
primary mode of heat transfer within the Sub-
system, analytic predictions of conduction-
coupling factors were made using conformal
mapping techniques. The conduction-coupling
factor between two bodies mounted on an in-
finite plate may be expressed as:
R = kt¢ ,
and
2 [i/r7]
(l+ r2_ln [ (I /r ()2-(r2/r l)2-1 ]L\ r,l j
where
r 1
ffa) = In \r7 / 1 dt
a =
L/r 1)2 _ ( r2/r I )2
r2 r I
(I/rl)2 - (r2/5 )2 7
and r2 are the radii of the bodies,
L is the distance between body
centers,
k is the thermal conductivity of
the plate, and
t is the thickness of the plate.
Using graphical integration f(a) was evaluated
for a =2. Values from a= l./to a=20 were
calculated on an IBM 7090 digital computer.
f. EXTREME-TEMPERATURE PREDICTIONS
Using conduction coupling only as a method of
heat transfer, an analysis was made to predict
the most severe temperature condition to which
the Subsystem would be subjected. The follow-
ing assumptions were made:
$ The structure and some of the larger
components were acting as heat sinks.
$ The total heat dissipation of the Subsys-
tem was conducted to the heat-sink com-
ponents during the period of full-power
operation (no radiation loss}.
$ The energy dissipated in each component
was conducted to the sink through a heat
path, which had a length equal to half the
height of the components, with an effective
wall thickness of 0.060 inch.
The component temperatures predicted, based
on these assumptions, ranged from 17 to 56 de-
grees C. Since these predictions were made
using worst-case conditions, it was concluded
that actual component temperatures would fall
well within the prescribed limits.
B. THERMAL-VACUUM TESTING OF
THERMAL CONTROL MODEL
1. Pretest Predictions and Calculations
a. SUBSYSTEM TEMPERATURE PREDICTIONS
In order to calculate the thermal energy bal-
ance for the Subsystem for subsequent com-
parison with actual test data, an analytical
model {shown in Figure 213) was conceived.
The model consisted of five isothermal sec-
tions or compartments, with adiabatic bound-
aries. For any compartment of the model, the
equation for steady-state heat balance is as
follows:
(7"I -4 [(_Fn+E'FntAFn+_I_nAI_n+6sAn+AH]
aF" = S AF.
-s(o A +A/,) (54)
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ANTENNA RING
AND CAMERA
TEMPERATURE
CONTROL PLATE
OMNI-ANTENNA
ADIABATIC
DIVIDING
(FLANGE AREA)
SECTION I
FIN I AFD(ONE SIDE FIN
AREA)
SECTION
SECTION
FIN
FIN 4
AR4
AH is the area of holes in thermal
shroud,
N is the solar constant,
as is the solar absorptivity ofthermal
shroud,
A* is the projected area of compart-
ment n of the thermal shroud for
solar orientation,and
As is the projected area of holes tothe
solar field.
This equation results inadirect solutionfor the
value of solar absorptance for each finattached
to the compartment. The power input to fin n
(either solar energy or energy applied through
heaters) is given by:
QFn = 5 AFn aFn (55)
Figure 213. Thermal Analysis Model of Subsystem
where
aFn
G
T
_Fn
( "Fn
AF.
ERn
AR.
E s
A
is the solar absorptance of fin n,
is the Stefan-Boltzmann constant,
is the temperature of fin n and the
nth compartment (the temperature
difference is so small that isother-
mal conditions were assumed),
is the emissivity of upper side of
fin n,
is the emissivity of lower side of
fin n,
is the area of one side of fin n,
is the emissivity of fin flange n,
is the area of fin flange n,
is the emissivity of thermal shroud,
is the surface area of compartment
n of the thermal shroud,
Using equations (54) and (55), heat inputs, solar
absorptances, and temperatures were pre-
dicted. These predictions are shown later in
this report for comparison with the actual test
data.
b. MODULE TEMPERATURE PREDICTIONS
In order to predict module temperatures which
would be obtained during the thermal-vacuum
testing, an analytical model, shown in Figure
214, was conceived. The prediction of tempera-
ture for this model was based on the following
assumptions:
• The exchange ofthermal energy by radia-
tion between the module and itssurround-
ings was negligible;
• Heat flow from the module occurred only
through the module walls;
• The heat dissipation within the module
originated at a plane through the center
of the module and parallel to its mount-
ing surface.
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Figure 214. Thermal Analysis Model of Electronic
Module
The equation for heat balance of the module is
given by the expression:
Q=K--_-_(T- TB) + mc(d_-) (56)
where
Q is the internal heat dissipation,
K is the thermal conductivitly,
A is the area of heat path,
L is the length of heat path,
T is the temperature of module,
Ts is the temperature of module mounting
surface,
m is the weight of module,
c is the specific heat of module,
t is the time.
The ratio of heat path area to length is:
A 4(a+b) s (57)
L - h
where
a is the length of module,
b is the width of module,
s is the wall thickness of module,
h is the height of module.
Substituting equation (57) into (56),
arranging terms, results in:
mc (_TtT)=Q 4s K(a + b) (T _ TB)h
and re-
Integration of the preceding equations results
in:
(T - TB) = '7 1 - e _c (58)
where
4K(a+b) s
Y
h
The temperature difference (T- T s) may be
calculated from equation (58). The module
temperature T can be calculated for any in-
stant of time, if Ts can be determined. In order
to determine the temperature of the module
mounting surface, an estimate was first made of
the average temperature of the entire Subsys-
tem at the end of the mission. Tobe conserva-
tive, the cameras and one batterywere excluded
from the total weight estimate, resulting in an
effective weight of 200 pounds of aluminum. As-
suming that an the energy dissipated in the
components during warm-up and full-power
operation were completely absorbed by the
modules and structure, a temperature rise of
7 degrees C was calculated. Because this
temperature rise was not considered to be
representative of each mounting surface, the
worst-case component mounting was selected
for further study.
The power-supply module, with an anticipated
dissipation of 100 watts, was selected. The
mounting temperature of this unit is increased
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over the 7-degree rise due to the heat flowing
out of the module (a local effect at each mod-
ule). The amount of heat flow can be expressed
by:
QM_,B = y(T-TB)=Q-mc (_t ) (59)
Combining equations (59) and (58):
y(T-TB)= Q -e
The mounting-surface heat path was considered
to be connected to two heat sinks, the battery
and the thermal shroud. The total amount of
heat flowing into the mounting-surface heat path
was considered to be equally divided, with one
half flowing into the shroud and the remainder
flowing into the battery. An estimation of the
temperature rise of the mounting surface can
then be expressed by:
(QM-,8)
AT- LKA
where:
L =0.5 inch
K =3 watts/inch-degree K, and
A =0.8 square inch
therefore:
AT _-3°C
Using this local temperature rise in conjunc-
tion with the 7-degree C average structure rise
results in a total mounting-surface rise of 10
degrees C. Therefore the temperature of the
module mounting surface is:
where
T
o
Te = To+ 10
is the average temperature of Subsys-
tem at end of full-power operation.
Equation (58) can be rewritten in terms of To
as:
T To+lO+O II (--_-c_= --y -e
The temperatures as predicted by the above
analysis are shown later in this report in com-
parison to the data obtained from thermal-vac-
uum tests.
c. CALCULATION OF TERMINAL-MANEUVER
SOLAR ENERGY
The calculation of terminal-maneuver solar
energy absorbed by the Subsystem when the
z axis is oriented at an angle 8 with the Sun
is given by:
[o * . :]QM = S F. AF. + aR. AR. + as A (60)
where
S is the solar constant,
aF, is the solar absorptance of fin n,
A* is the projected area of fin n to theFn
solar field at orientation 8,
aR, is the solar absorptance of finflange n,
* is the projected area of fin flange nAR.
to the solar field at orientation 8,
as is the solar absorptance of thermal
shroud skin, and
A* is the projected area of compartment
n of the thermal shroud orienta-
tion 0.
The energies calculated from equation (60)
were used during the thermal-vacuum tests
of the TCM to simulate the terminal
maneuvers.
2. Preparations for Testing
Prior to the first series of TCM thermal-vac-
uum tests, all required changes, and modifica-
tions which had occurred during the design and
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development program, were incorporated on
the model. Instrumentation, consisting of
thermocouples and heating elements, was in-
stalled. The thermocouples were located to
obtain temperature gradients on all surfaces
and at all interfaces. The heater elements
were constructed of closely spaced wire grid-
ding embedded in a thin envelope of epoxy fiber
and were designed to produce 1 watt per
square inch of surface contact area. These
heater elements were bonded to the under-
sides of the circular thermal-control fins at
locations shown in Figure 215. A system of
60-cycle autotransformers and voltmeters
were provided to adjust and monitor the heat
dissipation of the heating elements. By this
means, any selected variation in solar con-
stant, surface absorptivity, or projected area
to the solar field, could be simulated by vary-
ing the voltage to the appropriate heaters.
CIRCULAR HEATER,
CAMERA TEMPERATURE'
CONTROL PLATE F
CIRCULAR HEATERS,
ATTACHED TO
SHROUD
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SHIELDS)
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SIMULATED
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• BUS iNTERFACE
(MULTIPLE ALUMIN-
IZED MYLAR
SHIELDS)
Figure 215. Location of Heaters on TCM
All surfaces of the TCM were finished with
materials having the emittance of the pro-
posed design. Thus, the remaining variables
to be determined were the values of solar
absorptivity required to produce the same
temperatures in flight as would be obtained
during the thermal-vacuum test. It was as-
sumed that the relationship between the simu-
lated heat input, the solar heat input, and the
solar absorptanee was defined by the fol-
lowing equation:
Qs = QA = 5a A
where
Qs is the heat input as simulated with fin
heaters,
0 A is the heat input anticipated in actual
flight,
A is the fin area exposed to direct solar
illumination,
S is the solar constant (0.87 to 0.93
watt per square inch, depending on
the time of year}, and
a is the solar absorptance.
3. Thermal-Vacuum Tests
The TCM was suspended in the thermal-
vacuum chamber. Seven 24-channel tem-
perature recorders were used to permit
continuous monitoring of the 168 thermo-
couples on the model.
With the walls of the chamber cooled to -180
degrees C by liquid nitrogen, and the pres-
sure maintained below 1 x 10 -4 torr, the
following tests were performed:
TEST I
(Simulated flight with no terminal maneuver.)
Run 1: Cruise with no modules in operation;
solar-simulation heaters adjusted for nominal
10-degree C cruise temperature.
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Run 2: Cruise with appropriate equipment
operating at estimated cruise dissipations.
Run 3: Five-minute equipment warm-up.
Run 4: Ten-minute equipment warm-up.
TEST II
(Simulated flight with a 38-degree terminal
maneuver. )
Run 5: Powered cruise; temperatures adjusted
to correspond to the conditions of Test I, Run 2.
Run 6: Simulated terminal maneuver; space-
craft z axis at a 38-degree angle with the
solar field for one hour.
Run 7: Five-minute equipment warm-up.
Run 8: Ten-minute equipment warm-up.
TEST III
(Simulated flight.)
Run 9: Cruise with no modules in operation;
solar-simulation heaters adjusted to provide a
20-degree C temperature for the cameras and
10 degrees C for the remaining components.
Run 10: Cruise with appropriate equipment
operating.
Run 11: Simulated terminal maneuver; at a
38-degree angle between z axis and solar
field for one hour.
Run 12: Five-minute equipment warm-up.
Run 13: Twenty-five-minute equipment opera-
tion.
TEST IV
(Simulated 90-degree midcourse maneuveror
lunar flyby.)
Run 14: Cruise to establlshthe same tempera-
ture distribution as Test III, Run 9.
Run 15: Simulation of 90-degree turn; the
spacecraft was held in tMs position for one
hour.
Run 16: Five-minute equipment warm-up.
Run 17" Ten-minute equipment operation.
TEST V
Run 18: Steady-state coupling factor test on
the power amplifier to determine its mounting
effectivene s s.
TEST VI
Run 19: Thermal-gradient test to determine
whether the spacecraft was capable of cruis-
ing with no internal power.
TEST VII
Run 20: Simulation of a one-hour flight
through the Earth's shadow. The only energy
input to the spacecraft was assumed to be
Earth-emitted energy, with this energy min-
imized by selecting the orientation of the
spacecraft to the Earth.
4. Test Analysis
Tests I and II were comparison runs to de-
termine how the components were affected by
the terminal maneuver. A 38-degree angle
was chosen because at this angle the solar
energy input is maximum. The TCM was
maintained in this displaced orientation for
one hour, with an equivalent amount of ther-
mal energy being applied through the solar-
simulation heaters of the -y half. No energy
was applied to the + y half of the model.
During the warm-up and operation modes of
flight, the spacecraft remained at the 38-
degree solar orientation. Analysis of the test
data showed that the terminal maneuver did
not produce any significant thermal problems.
The maximum temperature rise of any com-
ponent module due to the terminal maneuver
was less than 10 degrees C. After performing
Tests I and II and analyzing the behavior of
the component models during test operations,
the following observations were made:
• The camera temperatures remained
nearly constant at approximately 10 de-
grees C during the entire flight testing.
This effect was expected because the
cameras have a large thermal mass.
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Sinceoptimum camera signal-to-noise
characteristicsoccur in the 20- to 30-
degreeC range,a decisionwasmadeto
raise thecruise temperatureoftheupper
structure of the TCM containingthe
camerasto 20degreesC.
• The batteries require a temperatureno
lower than 10 degreesC in order to
guarantee100-percent-redundantpower
delivery. Test I showedthebatteriesto
be runningslightly below10degreesC;
therefore,thetemperatureof thesection
of the structure containingthebatteries
was raisedby increasingthe solar input
on the appropriatethermal fins in that
area.
• The power amplifiers experienced the
highest temperature rise of any compo-
nent during full-power operation. An at-
tempt was made to lower the cruise
temperature in the section of the TCM
containing the power amplifiers.
• One of the unknowns in the analytical
temperature analysis was the effect on
the components and overall energy bal-
ance due to the camera view holes in the
thermal shroud. The test results indi-
cated that the Camera Electronics module
directly adjacent to the large view hole
ran approximately 2 degrees C cooler
than the surrounding modules. The over-
all energy balance of the TCM was
changed only slightly by the holes.
• Thermal energy input to the TCM by the
JPL Bus was simulated by electrical
heaters attached to the legs. Ten thin,
anodized-aluminum washers were in-
serted between each leg and heater in
order to increase the thermal resistance
at the interface. The heaters were ad-
justed to a nominal Bus temperature of
90 degrees F. Test data showed that
nearly 15 watts of thermal energy was
being conducted into the Subsystem
through each leg. This extreme input in-
dicated that the anodized shims were not
effective as an insulator. A decision was
made to apply only 1.5 watts of thermal
energy per leg.
Test III incorporated the changes indicated by
Tests I and II and gave the most applicable
temperature data for the simulated flight. The
data from Test HI was analyzed in detail, and
the temperature-time history of each module
was plotted. These curves are shown in Fig-
ures 216 through 231. The temperature dis-
tributions on the thermal shrouds during cruise
(both with and without the appropriate equip-
ment operating} are shown in Figures 232
through 237. Previous analysis had indicated
that temperature gradients on the external skin
of the thermal shroud would be 2 to 3 degrees
C in magnitude, and the test data verified this.
Temperature gradients between the fins andthe
skin were of the same order of magnitude. The
cylindrical skin at the camera section was
nearly isothermal over the 13-inch length be-
tween the top fin and the antenna ring heater.
Test IV was run to determine the effect of a
90-degree terminal maneuver instead of the 38-
degree turn. As expected from analysis, the
90-degree turn was not as severe a test as the
38-degree case, sincethe total solar energy in-
put was smaller. Internal modules were only
slightly affected over a one-hour period at the
90-degree orientation.
Test V was run to determine the effectiveness
of the mounting for the power amplifier. The
amplifier was held at 81 degrees C, requiring
a power input of 55 watts. The mounting sur-
face of this unit maintained an average tem-
perature of 38 degrees C, indicating a steady
state temperature gradient of 43 degrees C
from mounting surface to the top cover of the
unit.
Test VI proved that sections of the TCM could
be maintained at different temperature levels.
This test was run in advance of Test HI when
it was decided to vary the temperature distri-
butions at selected locations. Raising the tem-
perature of the cameras to 20 degrees C was
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Figure 216. Temperature-Time Characteristics of F-Channel Power Amplifier (-X) and Mounting Surface
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Figure 217. Temperature-Time Characteristics of P-Channel Power Amplifier (-X) and Mounting Surface
easily accomplished by increasing the amount
of absorbed energy at the top fin, antenna ring,
and temperature-control plate. However the
battery could not be held at 14 degrees C while
maintaining 10 degrees C or lower on the power
amplifier, since these units were well-con-
nected thermally. An additional problem was
encountered in that the bottom fin did not have
sufficient projected area to the solar field to
permit the higher value of heat input required
to raise the battery significantly. Thus, a com-
promise between a lower amplifier tempera-
ture and a higher battery temperature during
cruise was accepted.
The intent of Test VII was to simulate flight
of the Subsystem through the Earth's shadow.
This test began with the TCM placed in the
vacuum chamber at room temperature. Vacuum
was drawn below 1 x 10 -4 torr, and liquid
245
Ue_
w
D-
IO0
9O
80
7O
6O
5O
4O
3O
2O
I0
0
o10
_RUISE *_RUISE MANEUVER 38° WARN-UP FULL-POWER OPERATION
OWNED] 0 WATT OWATT 60 WATT
F WATT IMPACT
F
_ .,_,..,o.,, ,._'''_"
I I IIIIII IIIIIIIIII
0 0.5 1,0 2 4 6 8 I0 12 14 16 18 20 22 24 ;)6 28 :50
I--.ou.s I M,NUTES "
Figure 218. Temperature-Time Characteristics of Dummy Load Mounting Surface
I00
90
80
U
70
M,I 60
n,*
O: 40
W
u.
w
F- 2O
-tO
"CRUISE CRUISE
POWERED)
m
m
MANEUVER 380
0 WATT
WARN-UP
58.2 WATT
FULL- POWER OPERATION
58.2 WATT
IMPACT
I l III III II IIIIIIll
0 05 1.0 2 4 6 8 I0 12 14 16 18 20 22 24 26 28 30
I---HOURS I MINUTES "
Figure 219. Temperature-Time Characteristics of Camera Assembly
nitrogen was pumped into the chamber walls
causing the wall temperature to decrease; no
power was applied to the TCM heaters. The
temperature of the model was allowed to decay
by radiant exchange with the chamber wall
during this period. The data indicated a very
small temperature decay with time for the
modules. The temperature-time character-
istics, for the Video Combiner (the module
having the greatest rate of temperature change)
are plotted in Figure 238.
5. Summary of Test Results
The data obtained from the preceding series of
tests, in comparison to the predictions made
prior to the tests, are shown in Tables 47 and
48. The total energy balance prediction was
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Figure 221. Temperature-Time Characteristics of P-Channel Transmitter Power Supply (-X) and Mounting Surface
within 3.8 percent of the actual balance mea-
sured during Test III of the TCM testing. A
wide variation was observed for the values of
solar absorptance predicted as opposed to test
values. This did not indicate an error in pre-
diction analysis, since the heaters on the TCM
had been adjusted to provide the desired tem-
perature distribution, with no emphasis placed
on maintaining the calculated energy input at
each compartment. The final temperature
distribution on the TCM could have been ob-
tained with many combinations of settings of the
heaters; however, in each case, the total amount
of energy applied to the model would remain
approximately the same for the same tempera-
ture distribution.
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Figure 223. Temperature-Time Characteristics of P-Channel Sequencer Power Supply and Mounting Surface
C. THERMAL-VACUUM TESTING OF
PROOF TEST MODEL
1. Preparation for Testing
The first series of thermal-vacuum tests on
the Proof Test Model (PTM) were performed
using the same test chamber, environmental
conditions and test instrumentation as used for
thermal-vacuum testing of the thermal control
model. The PTM incorporated one notable
testing feature which had not been employed
during the TCM test series. The PTM was
suspended in the chamber utilizing a plate to
simulate the JPL Bus. The plate was made
of 2024-T4 aluminum and had the same pro-
jected area as the actual Bus; the leg heaters
were mounted on the Bus by means of flight
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Figure 224. Temperature-Time Characteristics of Camera Electronics Assemblies
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Figure 225. Temperature-Time Characteristics of Video Combiner Mounting Surface
hardware bolts fastened throughthe plate tothe
legs of the Subsystem. Insulation shims of
flight configuration and material were inserted
between the legs and the Bus. The leg heaters
were adjusted during the test series to main-
tain a given temperature on the Bus simulator
plate. This change might account for some of
the apparent discrepancies in thermal balance
between the TCM and the PTM. Other changes
in the Subsystem from the TCM to the PTM
which may have contributed to altering the
thermal balance were:
• A new method was used to attach the fins
to the thermal shroud. The PTM fins
were attached by silver-filled epoxy and
riveted whereas the TCM was epoxied
only.
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Figure 227. Temperature-Time Characteristics of F-Channel Battery (+X) and Mounting Surface
• The camera view holes were changed
since the TCM test series.
• The surface properties of the PTM were
slightly different from those of the TCM.
2. Thermal-Vacuum Tests
TEST I
(Simulated flight of Subsystem at nominal
temperature of 10 degrees C.)
Run 1: Cruise with no equipment operating,
66 hours.
The complete sequence of thermal-vacuum
tests performed during the initial test series
for the PTM was as follows.
Run 2: Equipment in warm-up.
Run 3: Full power.
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Figure 229. Temperature-Time Characteristics of F-Channel High-Current Regulator and Mounting Surface
TEST II
(Accelerated-time flight at nominal tempera-
tures.}
Run 1: Cruise with no equipment in operation,
nominal temperatures established {test time
17.5 hours).
Run 2: Cruise with cruise-mode power on
(test time 4 hours}.
Run 3: Terminal maneuver (38-degree solar
angle), real-time sequence.
Run4: Warm-up.
Run 5: Full power.
TEST III
(Accelerated-time flight at low temperature
of 0 degrees C.)
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Figure 230. Temperature-Time Characteristics of F-Channel Transmitter (+Y) and Mounting Surface
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Figure 231. Temperature-Time Characteristics of P-Channel Transmitter (-Y) and Mounting Surface
Run 1: Unpowered cruise (test time 22 hours).
Run 2: Powered cruise (45 minutes).
Run 3: Terminal maneuver (38-degree).
Run 4: Warm-up.
Run 5: Full power.
TEST IV
(Accelerated-time flight at elevated tempera-
ture of 20 degrees C.)
Run 1: Unpowered cruise (17 hours).
Run 2: Powered cruise (45 minutes).
Run 3: Terminal maneuver (38 degrees).
Run 4: Warm-up.
Run 5: Full power.
TEST V
(Simulated real-time flight.)
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Figure 235. Temperature Distribution on Upper Section
of Thermal Shroud (+Y) during Cruise Mode with Power
Run 2:
Run 3:
Run 4:
utes).
Run 1: Earth shadow (1.5 hours).
Unpowered cruise (15 hours).
Powered cruise (48.5 hours).
38-degree terminal maneuver (45 min'
Run 5: Warm-up (5 minutes).
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Figure 238. Temperature-Time Characteristics of Video
Combiner during Simulated Flight in Earth's Shadow
Run 6: Full power (10 minutes).
Run 7: Lunar flyby (additional 6.5 minutes of
iull power).
3. Test Analysis
Electronic components were stabilized at equi-
librium cruise-temperatures by accelerated
heating (with the fin heaters) for all tests
except Test V. Nominal cruise-temperature
distribution was defined as 20 degrees C for the
cameras, and 10 degrees C for all other com-
ponents. Low-temperature definition was 10
degrees C for the cameras, and 0 degrees for
all other components. High-temperature defi-
nition was 30 degrees C for the cameras, and
20 degrees C for all other components. Tests
I and II were run on a partial subsystem (only
cameras and camera electronics)to determine
camera performance in advance of the full-
system tests. All other tests utilized all the
electronic components.
4. Summary of Test Results
The steady-state thermal data received from
this test series was almost identical to that
obtained from the Thermal Control Model; the
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TABLE 47
COMPARISON OF PREDICTED ENERGY INPUTS AND ABSORPTIVITIES
WITH TCM TEST DATA
Identification
Fin 1
Fin 2
Fin 3
Fin 4
Antenna Ring )
Camera Tem-
I
perature Con- 1trol Plate
Desired
Temperature
(o C)
15
15
10
10
2O
Predicted Values
Solar
Absorptivity
0. 775
0. 845
0. 782
0. 730
0.335
Energy
Input
(watts)
51.0
54.5
48.4
38.4
28.4
Results from Test III
Solar
Absorptivity
0.86
0.42
0.73
0.96
Energy
Input
(watts)
57.6
28.0
47.4
50.2
25.7
20.8
TOTAL ENERGY INPUT PREDICTED: 221.6 FROM TEST: 229.7
TABLE 48
COMPARISON OF PREDICTED MODULE TEMPERATURE WITH TCM TEST DATA
Predicted Temperature at Impact (o C) Measured Temperature (o C)Identification _
Telemetry
Transmitter Power Supply
Transmitter
Power An-iplifier
Dummy Load
Battery
High-Current Voltage
Regulator
For To=7 ° C
19
26
34
56
22
22
38
For To= 18° C
30
37
45
67
33
33
49
(From Test II, Run 8)
3O
31
43
-y side: 75, +y side: 65
26
27
48
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transient data obtainedduring warm-upand
full-power operation had only slight variations
from that received from the TCM. This not
only proved that the thermal design of the Sub-
system was acceptable, but also proved that the
TC M was a very good simulation of the thermal
properties of the Subsystem. The PTM and the
TCM test data are compared in Table49.
D. EVALUATION OF INITIAL DESIGN
Test data from the thermal-vacuum tests of
both the TCM and PTM proved that the thermal
design of the Subsystem met the design require-
ments both in the cruise and terminal modes of
operation. Areas of extremely high or low tem-
peratures were not a problem duringthe cruise
mode, and the design lent itself, if required, to
the establishment of nearly isothermal condi-
tions. During terminal operation, the thermal
mass of the Subsystem permitted operation of
the equipment for a specified time without ex-
cessive temperature increases.
E. THERMAL MODIFICATIONS RESULTING
FROM SPLIT-SYSTEM CONCEPT
The changes to the TV Subsystem due to the
split-system concept required an enlargement
of the openings in the shroud for the cameras
to the extent that the holes overlapped and made
necessary a single, large opening. Retest of the
PTM equipped with the modified shroud re-
vealed that the temperature of the Camera
Electronics module (which was adjacent to the
shroud opening} could no longer be controlled,
and that the module operated at a lower-than-
acceptable temperature. For this reason, an
insulating member was designed to cover the
Camera Electronics module. Use of the in-
sulating member provided the same operating
temperature range obtained before the modi-
fication due to the split-system concept, with-
out interfering with the camera field-of-view.
Changes in power dissipation levels, resulting
from the split-system concept during the term-
inal mode of operation, were compensated for
by the increase in operation time. The pres-
surization of the power amplifiers avoided a
potential thermal problem although pressuri-
zation was not required by temperature con-
siderations.
F. SOLAR SIMULATION TESTS
Both the thermal control model and the Proof
Test Model were tested in the JPL solar simu-
lator for design verification purposes. An
additional objective of these tests was the
evaluation of the 25-foot space simulator as a
means of verifying the thermal design of the
spacecraft. As a result of these tests, ex-
tensive knowledge of solar simulation testing
was achieved. However, design verification of
the Subsystem was inconclusive due to facility
limitations coupled with the spacecraft con-
figuration. Intensities upon fin surfaces were
always lower than expected flight intensities,
in some cases by a factor of two. In addition,
the distribution of energy did not match the
expected values. Solar intensity mapping tech-
niques proved to be the most difficult part of
the test procedure.
In summary, the solar simulation test program
confirmed the fact that good test results can be
obtained despite inaccuracies in intensity map-
ping. Best results were foreseen for solar
simulation tests of low profile spacecraft. Con-
figurations such as the Ranger TV Subsystem
are subject to collimation errors, intensity
mapping inaccuracies, and reflections. It was
concluded that solar simulation testing re-
quires extensive preparation and evaluation of
both test vehicle and test facility.
G. THERMAL DESIGN OF RANGER VI
TV SUBSYSTEM
The Ranger VI TV Subsystem incorporated all
modifications and design concepts which com-
posed the final thermal design configuration
(Figure 239}. The primary surfaces used to
maintain thermal control of the Subsystem were
(1) the polished aluminum shroud, {2) the four
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TABLE 49
COMPARISON OF TCM AND PTM THERMAL-VACUUM TEST TEMPERATURES
Component
Identification
Camera Bracket
Camera Electronics
Top Center (A-7)
Camera Electronics
Lower Outside (A-4)
Video Combiner
Mounting
Sequencer Mount
(A-9) Unit
Batteries
Regulator Mount
(A-12) Unit
Transmitter Mount
(A-14) Unit
Transmitter Mount
(A-19) Unit
Amplifier Mount
(A-15) Unit
Amplifier Mount
(A-2 0) Unit
Power Supply Mount
(A-16) Unit
Power Supply Mount
(A-2 i) Unit
Dummy Load
Mounting
Thermal
Start of
Solar
Maneuver
20.0
9.0
12.0
14.0
14.0
14.5
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
14.0
15.0
14.0
15.0
14.0
15.0
14.0
Control Model (Test III)
Start of
Warm-up
21.5
12.0
14.0
18.0
13.5
12.0
16.5
19.0
21.5
14.0
14.0
24.0
23.0
17.0
16.0
21.0
22.0
16.0
16.0
16.5
16.5
At 10Min-
utes Full
Power
23.0
15.0
17.5
22.0
15.0
17.0
20.0
36.0
38.0
25.0
26.0
36.0
45.0
38.0
75.0
41.0
80.0
18.0
27.5
20.0
28.0
23.0
Proof Test Model (66-Hour Flight)
Start of
Solar
Maneuver
20.0
11.5
14.0
13.0
14.5,15.0
15.0
15.5
16.0,16.5
16.5
16.0
17.0
15.0
15.0
15.5
16.5
15.0
16.0
14.0
15.0
15.0
15.0
Start of
Warm-up
20.0
12.5
16.5
17.5
14.0, 14.5
12.0,13.5
16.5
12.0, 19.0
16.5
22.0
23.0,24.5
13.0
13.0
21.0
15.0,18.0
15.0
18.0,19.0
14.0, 17.0
15.0,16.5
14.0, 18.0
15.0, 17.0
13.09.0
Note: All temperatures in degrees Centigrade.
15.0
At 10 Min-
utes Full
Power
20.5
16.5
21.5
19.5
15.5,18.5
13.5,16.0
19.5
12.5,33.0
38.0
31.5
49.5,73.0
28.5
37.5,47.0
27.0
32.0, 38.0
30.0
38.0, 56.0
18.5,20.0
20.0,37.0
16.0,20.0
18.5,28.51
29.0
Multiple entries result from use of several sensors on the component.
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TABLE 49
COMPARISON OF TCM AND PTM THERMAL-VACUUM TEST TEMPERATURES (Continued)
Component
Identification
Telemetry Mount
(A-2 6) Unit
Sequencer Mount
Power Supply Unit
(A-28)
Thermal Control Model (Test III)
Start of
Solar
Maneuver
14.5
17.0
14.0
14.0
Start of
Warm-up
20.0
22.0
19.0
19.0
At 10 Min-
utes Full
Power
22.0
24.0
25.0
35.0
Proof Test Model (66-Hour Flight)
Start of
Solar
Maneuver
Start of
Warm-up
19.5
20.0
18.0
15.5
15.0
16.5
14.0
13.0
At 10 Min-
utes Full
Power
22.0
23.5
25.5
34.0
Note: All temperatures in degrees Centigrade. Multiple entries result from use of several sensors on the component.
thermal fins, and (3) the thermal shields. The
construction of the shroud and fin assembly was
such that the solar radiation striking the space-
craft parallel to its z axis illuminated onlythe
top surfaces of the fins: direct sunlight was
never incident on the thermal shroud. The
thermal shields provide adiabatic interfaces
between the Subsystem and the omni-antenna
and between the Subsystem and the JPL Bus.
The flow of thermal energy during the cruise
mode occurred in the following sequence:
• A portion of the solar energy incident
upon the fin surfaces is absorbed; the
remainder is reflected into space and to
other parts of the spacecraft. The amount
of thermal energy absorbed is determined
by the absorptivity of the paints applied
to the top surface of the fins.
• A portion of the energy absorbed by each
fin is conducted to the thermal shroud;
the remainder is radiated from the top
and bottom surfaces of the fin.
• The energy conducted into the thermal
shroud is radiated from the shroud sur-
face establishing an essentially isother-
mal field on the shroud.
• The electronic components enveloped by
the shroud assume the shroud temper-
ature as a steady-state condition.
• The transfer of thermal energy between
the omni-antenna andthe Bus is prevented
by thermal shields which produce an es-
sentially adiabatic interface.
During the relatively short periods when the
electronic equipment is operating, the tem-
peratures of the components are maintained
below maximum by conduction coupling with
the large thermal mass (Heat sink property)
of the Subsystem.
1. Thermal-Vacuum Tests
Prior to thermal-vacuum tests, the shroudwas
polished, washed, and covered with a removable
surface-coating to protect it during subsequent
handling. The Subsystem was suspended in an
environmental test chamber capable of main-
taining pressures below 1 x 10.6 tort and wall
temperatures of -180 to -190 degrees C. The
Bus interface was simulated by an aluminum
plate bolted to the base of the Subsystem. The
plate was sized and heated to duplicate the
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Figure 239. Final Thermal Configuration
JPL Bus. The surface coating was removed
before closing the chamber.
Under simulated environmental conditions,
electrical energy was applied to the ribbon
heaters attached to the underside ofthethermal
fins. The power inputs were adjusted to provide
the required temperature distribution in the
Subsystem, and an equilibrium condition was
reached after approximately 40 hours of simu-
lated cruise mode. The power inputs to the
heaters during the equilibrium condition were
measured and used as the basis for determin-
ing the absorptivity of the finishes to be applied
to the solar-illuminated areas. The power in-
put for each fin and the resulting temperatures
obtained at various Subsystem locations are
listed in Table 50. Similar data from tests
of the PTM are also included in this table for
comparison purposes.
2. Flight Preparation of Thermal Surfaces
Prior to systems assembly of the Flight Model
III-1 at ETR, all aluminum surfaces of the
thermal shroud were repolished. The shrouds
were then washed {with detergents dissolved
in distilled water}, rinsed, and allowed to dry.
A strippable coating was applied to maintain
cleanliness and to prevent oxidation. The
coating was not removed until final assembly.
The absorptivities of the painted surfaces were
then verified with a portable reflectometer to
insure that handling and aging had not caused a
change in the absorption values.
3. Flight Information
Channel 8 telemetry information received dur-
ing the flight of the Ranger VI Spacecraft pro-
vided temperatures of each battery, of the
thermal shroud below fin A on the -y side, and
of the thermal shroud hat on the -y side.
Figures 240 through 242 are the plotted curves
of the telemetry data and the predicted tem-
peratures. As indicated by the curves, the
temperatures recorded were higher thanthose
predicted prior to the flight. In general, the
temperatures in the lower section were 15 to
20 degrees higher than design expectations. An
analysis was subsequently performed to deter-
mine the cause of this temperature difference.
H. EVALUATION OF RANGER Vl
MISSION
Following the flight of the Ranger VI Space-
craft, an analysis was begtmfor the purpose of
re-evaluating the mission temperature pre-
dictions. Three thermal-vacuum tests were
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TABLE 50
THERMAL-VACUUM TEST DATA
Fin Input (watts)
Subsystem A B C D E F Total
PTM 30 36 48 52 13 36 215
FM III-1 31 36 48 52 13 36 216
Cruise Temperature (° C)
PTM
FM III-i
Hot
24
23
Vidicon
24
13
Shroud
11
13
Battery
12
12
Camera
Electronics
9
11
5O
45
4O
35
U
2.,
I_ 30
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__ ---- PREDICTED TEMPERATURES
I-I1- I
IMPACT
m
I L I I I l I I
O I0 20 30 40 50 60 70
FLIGHT TIME (HOURS)
Figure 240. Internal Battery Temperatures for Ranger TV Subsystem
performed on the Flight Model III-4 in prep- thermal input energy values obtained during
aration for the analysis. These tests are each thermal-vacuum test are listed in
described in the following paragraphs. The Table 51.
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Figure 242. Thermal Shroud (-Y Side, below Fin A) Temperatures for Ranger VI TV Subsystem
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TABLE 51
THERMAL INPUT ENERGY VALUES REQUIRED DURING THERMAL-VACUUM
TESTS OF FLIGHT MODEL 111-4
Fin
Identification
A
B
C
D
E
F
Nominal Input
Test (watts)
34.4
42.0
51.4
55.1
16.7
37.8
Flight Duplication
Test (watts)
48.5
60.3
70.7
71.0
19.9
32.3
Revised Flight
Test (watts)
37.9
56.1
66.3
64.0
10.1
32.4
Totals 237.4 302.7 266.8
1. Thermal-Vacuum Tests of Flight
Model 111-4
a. NOMINAL TEST
A thermal-vacuum test was performed on the
Flight Model III-4 to establish the nominal
temperatures for the Subsystem, based on the
fin heater inputs established by preflight cal-
culations. The temperatures obtained as a re-
sult of this test corresponded to those predicted
prior to the Ranger VI mission. This estab-
lished that the Flight Model III-4 was thermally
equivalent to the Flight Model III-1 (Ranger
VI).
b. FLIGHT DUPLICATION TEST
A flight duplication test was performed to ob-
tain values of input energy corresponding to the
energy absorbed during the flight of the Ranger
VI Spacecraft. The temperature curves ob-
tained from the Ranger VI telemetry were used
as a guide for the input energies to the fin heat-
ers. The heater voltages were then adjusted to
cause the test vehicle temperatures to follow
the Ranger VI temperature curves and, where
possible, maintain the usual ratio of input from
fin to fin. The resultingtemperature-time dup-
lication is shown in Figures 243 through 245.
c. REVISED FLIGHT TEST
The third thermal-vacuum test was performed
to establish a temperature field on the Sub-
system which would be 10 degrees lower than
the temperatures obtained from the flight du-
plication test. The difference in input energy
values between this and the flight duplication
test was used in the calculations performed to
obtain the paint mixture ratio for the solar fins
on Flight Model III-2.
2. Analytical Calculations of External
Energy Input
The higher-than-normal temperatures which
occurred during the cruise mode of the Ranger
VI Spacecraft could be attributed to three pos-
sibilities: (1) An increase in internal power
dissipation; (2) A change in the energy loss
parameters; and (3) An increase in the amount
of external energy input. Since battery telem-
etry information indicated that the internal
power dissipation was normal, this cause was
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Figure 245. Duplication of Thermal Shroud (-Y
eliminated. The possibility of a change in
energy loss parameters was also discounted,
because of the many precautions that had been
taken (frequent relSolishing of skin area, use of
vinyl strip coat as a protective cover, etc.) to
insure that the emissivity of the skin did not
change during the interval between testing and
flight.
Consequently, the discrepancy in Ranger VI
cruise temperatures was attributed to an in-
crease in the external energy input from that
originally calculated. The total energy input
available at the spacecraft surface is com-
posed of:
• Solar energy arriving at the surface
directly; and
• Solar energy arriving at the surface in-
directly, i.e., energy reflected from other
surfaces.
The directly incident solar energy was calcu-
lated to be:
Side, below Fin A) Temperature-Time Characteristics
Q_ = SA ai (61)
• p$
where
is the direct solar energy absorbed by
Q_l surface i,
S is the solar intensity constant,
Ap is the projected area of surface i to
solar field, and
is the solar absorptivity of surface i.
The indirect or reflected solar energy can be
expressed as:
: I-sA 1-o,;]% ¢6s;
where
QRiidirect energy reflected by surface i and
absorbed bysurface j
C_j solar-reflection coupling factor.
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TABLE 52
COMPUTATIONS TO DETERMINE THE ENERGY ABSORBED BY RANGER Vl DURING FLIGHT
Fin
Identification
A
B*
B**
C
D
E
a
Value
O.65
O.65
(0.65)
0.41
O.82
O.82
O.41
(0.84)
O.65
Original Input
Calculation
(watts)
34.3
31.1
9.7
50.5
55.1
16.7
Input Without
Reflection
(watts)
35.4
32.2
10.0
52.2
57.0
17.2
Input With
Reflection
(watts)
44.7
45.0
54.4
58.6
17.2
F 37.9 39.1 39.7
Totals --- 235.3 243.1 259.6
( ) Indicates effective absorptivity.
* Indicates that part of Fin B lying directly under Fin C.
** Indicates remainder of Fin B.
The solar-reflection coupling factor is a com-
plex function of the reflecting-surface absorp-
tivities and configuration factors which could
be obtained only by the use of a computer.
Table 52 shows results obtained from three
sets of computations performed to determine
the energy absorbed by the Ranger VI Space-
craft during flight. The computations were
made using the fin absorptivity values listed;
values which were verified by reflectometer
measurements at ETR. The first set of compu-
tations represents the original values of input
energy based on a solar constant of 0.90 watt
per square inch. In these computations the ef-
fect of solar input energy due to reflections was
assumed to be negligible. Since one of the
primary concerns in the thermal design was to
maintain the battery temperature above 10 de-
grees C, it had been reasoned that the effect
of solar reflections would provide an additional
margin of safety against a cold battery. These
calculations resulted in a predicted battery
temperature of 15 degrees C and a vidicon
housing temperature of 16 degrees C.
The second and third set of computations repre-
sent the calculated values of thermal input en-
ergy based on a solar constant of 0.93 watt per
square inch (the actual value for the January
launch). The third set of energy values also
includes the effect of solar reflections as cal-
culated using equations (61) and (62). The total
of this set of energy values accounts for about
16.5 watts of energy more than the second set
of values and over 24 watts more than the orig-
inal values. Based on these values of input
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TABLE 53
COMPARISON BETWEEN ACTUAL AND CALCULATED SOLAR ENERGY INPUTS
FOR FLIGHT MODEL II1-1
Fin
Identification
A
B
C
D
E
F
Energy Input from
Flight Duplication
Test (watts)
48.5
60.3
70.7
71.0
19.9
32.3
Maximum Calculated
Energy Input
(watts)
44.7
45.0
54.4
58.6
17.2
39.7
Unaccounted
Energy Input
(watts)
3.8
15.3
16.3
12.4
2.7
-7.4
Totals 302.7 259.6 43.1
energy, the predicted battery and camera hous-
ing temperatures were 23 and 20 degrees C
respectively.
Table 53 shows a comparison between the maxi-
mum values of solar energy input and the values
obtained from the flight duplication test. The
difference in these two sets of input energy
values amounts to 43.1 watts. One possible
cause of this discrepancy is the effect of solar
reflections from the Bus, solar panels, andfins
surfaces. This was partially accounted for, but
values could be higher due to the large areas
of polished aluminum on the spacecraft. A sec-
ond possible cause is the effect of telemetry
errors in the Ranger VI telemetry data. This
was estimated to be a maximum of _5 degrees
C.
3. Empirical Predictions of Flight
Temperatures
While thermal control of the Ranger VI Space-
craft cruise temperatures were not beyond the
acceptable specified limits, it was desirable to
provide reduced temperatures on subsequent
spacecraft. Since previous temperature pre-
diction methods were based upon calculated
solar energy levels which were not in agree-
ment with energy levels derived from Ranger
VI telemetry data, it was evident that the method
of temperature prediction required modifica-
tion. For this reason, prediction of flight tem-
peratures for spacecraft after Ranger VIwere
calculated by empirical methods. The method
used to determine the required energy inputto
the TV Subsystem employed ratio factors ap-
plied to the direct solar energy incident on the
top surfaces of the fins. These ratio factors
{ _ and ¢ ) determined from an analysis of the
temperature data received during the Ranger VI
flight empirically account for the discrepancies
between actual energy inputs during flight and
the expected energy inputs based on thermal-
vacuum tests.
The ratio factor (_,) pertaining to the energy in-
puts for fins A, B, C, and D is given by:
QA+ Qs + Qc + QD (63)
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where
Q is the energy input to fin (identified by
subscript) by direct solar absorption, and
Q is the energy input to fin (identified by
subscript) necessary to duplicate flight
temperatures in thermal-vacuum tests.
T he ratio factor (¢) pertaining to the energy in-
puts to fins E and F is given by-
QE + OF
¢ _ (64)
QE + QF
Cruise-mode telemetry equilibrium tempera-
ture equations were obtained by applying a
least-squares fit to the results of nine thermal-
vacuum tests of the TV Subsystem. These equa-
tions are:
a T 4) H A
a T4) sHR
aT4) BAT
aT4)cA M
where
HAT
VID
SHR
BAT
CAM
= (1.0934)X + (0.7130)Y + (0.0590)Z
× 10.3 watts in 2 (65)
= (0.9065)X + (0.6608)Y + (0.1941)Z
x 10.3 watts in 2 (66)
= (1.1656)X + (0.2603)Y + (0.0921)Z
x 10.3 watts in 2 (67)
= (1.0892)X + (0.0762)Y_+ (0.0559)Z
x 10.3 watts in 2 (68)
= (1.0837)X + (0.1281)Y +(0. 1457)Z
x 10.3 watts in 2 (69)
is the thermal shroud, Hat, -y side;
is the F a Camera lens housing;
is the thermal shroud,-y side, below
fin A;
is the P-Channel Battery, internal;
is the Camera Electronics, -y side,
(upper) ;
a is the Stefan-Boltzmann radiation con-
stant, equal to 3.657 x 10.77 watt/in 2-
OK4 ; and
T is the temperature (in degrees Kelvin).
Dummy variables (X, Y, Z) were required to re-
duce the number of effective energy inputs from
six to three (necessary because of an insuf-
ficient quantity of test data). The dummy vari-
ables are:
X = QA+ Qs+ Qc + Qo + QE+ OF (70)
Y = 2QA-QB+ QD+ 2QE+ 2OF (71)
Z = -2Q A + QB+ 2Qc+ QD- 2QE- 2OF (72)
In determining the ratio factors (_ and ¢), tem-
peratures from the Ranger VI flight were used
to solve for ×, Y, Z in equations (65) through
(69) and the direct solar energy input (0') for
each fin was calculated from:
Q" = SAa
where
S is the solar constant,
A is the fin area, and
a is the absorptivity of the fin.
Substituting equations (63) and (64) into equa-
tions (70) through (72):
f , (- ;)z: 2Q +%+2Q +Q ¢+ 2Q -zQ +
Since there are three equations with two un-
l_owns, four sets ofvalues for the ratiofactors
(_ and ¢) were obtained. Each set of values
was used to reealculateX, Y, Z. The values ob-
tained for X, Y, Z were substituted into the
equations (65) through (69) to determine the
temperatures (T). The set of ratio factors
(VJ = 1.37 and ¢ = 0.85), which provided the
closest match to the temperature of the Ranger
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VI flight, waschosenfor calculations of Rang-
er VII flight temperatures and energy input
values.
h THERMAL DESIGN OF RANGER VII,
VIII, AND IX TV SUBSYSTEM
1. Temperature Prediction Methods
The thermal design of the Ranger VII, VIII, and
IX TV Subsystems was similar to that of
Ranger VI. The effect of reflections, previously
considered negligible, was derived from the
post-Ranger VI thermal analysis andwas taken
into account in the prediction of temperatures
and the selection of absorptivities for subse-
quent Subsystems. The variation in the solar
constant from the Ranger VI launch data was
also used in the calculations performed for
post-Ranger VI Spacecraft. The following
three methods were used to predict equilib-
rium cruise temperatures.
• Direct input method;
• Direct input including reflections method;
and
• Direct input with ratio factors method.
For the direct input method, only the direct
solar energy striking the top surfaces of the
fins was considered in the calculations per-
formed to predict temperatures. The "direct,
input plus reflections' ' method also included the
effect of energy input due to multiple reflections
of solar energy. For the "direct input with
ratio factors" method, the direct input energy
was adjusted by means of the ratio factors ob-
tained from the evaluation of Ranger VI flight
data. The ratio factors empirically accounted
for reflections and other deviations from pre-
dicted input energies.
2. Paint Selection
Thermal design of the post-Ranger VI Space-
craft required that only two shades of gray
paint be used on the thermal control fins; a
light gray was selected for fins A, B, and F,
and a dark gray was selected for fins C and D.
White paint was used for fin E. The paints
used were mixtures of PV 100 white and MIL-E-
5557, type III black. Paint selection was based
upon the desired values of solar absorptivity
for each spacecraft. Since internal power dis-
sipation and component temperature require-
ments were basically unchanged, the only
TABLE 54
SPECTRAL MEASUREMENT HISTORY OF RANGERS VI, VII, VIII AND IX
Ranger VI
Ranger VII
Ranger VIII
Ranger IX
Required Absorptivity
Fins A, B, F
0.62
0.51
0.48
0.48
Fins C, D
0.82
0.71
0.67
0.67
Fin E
0.41
0.20
0.20
0.20
Measured Absorptivity*
Fins A, B, F
0.63
0.53
0.49
0.49
Fins C, D
O.81
0.73
O.65
O.65
Fin E
0.40
0.42
0.20
0.20
*Measured with Lion Model 25 Reflectometer at ETR
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variation between spacecraft in the required
absorptivities was due to changes in solar con-
stant as a function of launch date. Once the re-
quired absorptivities had been established,
paint samples were mixed and absorptivity
measurements were taken of samples at
various steps during the test and flight prep-
arations of each spacecraft. Table 54 pre-
sents a list of the required and measured
absorptivities for the Ranger VI, VII, VIII
and IX TV Subsystems.
3. Ranger VII Temperature Predictions
Temperature predictions were made for the
Ranger VII TV Subsystem using each of the
previously described methods. Since paint
absorptivity measurements were made by both
RCA and JPL/STL, two sets of predictedtem-
peratures were obtained for each of the three
methods. Values obtained by the ,,direct inpuV'
method were considered to be the absolute min-
imum values and ranged from 0 degree C for
the Camera Electronics Assembly to 19 de-
grees C for the Shroud Hat (-Y side). Values
obtained by the "direct input plus reflections"
method were considered to be the probable low
temperature bounds. Table 55 compares the
two sets of nominal temperature predictions
calculated by the "direct input plus ratio fac-
tors" method (considered nominal} with those
obtained from Channel 8 telemetry during the
flight of the Ranger VII Spacecraft. Of the five
points monitored, four were close to the mid-
point of the predicted temperature range. The
Camera Electronics Assembly temperature
was 4 degrees lower than the midpoint of the
predicted range but well within the required
range. This deviation was attributed to lim-
ited input information for the least-squares
fit derivation.
4. Analysis of Lunar Radiation Effect
As the Ranger VII Spacecraft approached the
Moon, the effects of lunar solar reflection and
lunar infrared radiation (moonshine) caused a
temperature rise in the camera lens housing
due to its highly absorptive surface. Using ap-
proximations, calculations of the flux density
at various distances from the Moon were per-
formed. From this data, the average flux dur-
ing the last three hours of flight (up to 1000
miles from the Moon's surface)was calculated
to be 0.01 watt per square inch. From 1000
miles to impact, the average flux was cal-
culated to be 0.12 watt per square inch. Using
TABLE 55
PREDICTED VERSUS FLIGHT TEMPERATURES FOR RANGER VII TV SUBSYSTEM
Location
Hat (-y)
Vidicon Housing
Shroud (-y)
Internal Battery
Camera Electronics
Predicted Range (o C)
RCA
Derived
25
16
20
20
21
JPL/STL
Derived
32
22
26
27
27
Flight Values (° C)
28
19
23
24
20
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these values, the increase in camera lens
housingtemperatureduring the last 15min-
utesof flightwas:
T = QAt
mc
0.12 x 12.5 x 0.569 x 15
1.5x0.22
= 3.8°F(2.1 °C)
where
Q is the total flux (flux x area x absorp-
tivity},
At is the time increment,
r, is the weight of housing, and
¢ is the specific heat of housing.
Using the same relationship for the previous
three hours:
0.01 x 12.5 x 0.0569 x 180
"1"= 1.5 x 0.22
= 3.9°F (2.2 ° C)
Thus the total temperature rise of the camera
lens during the last 3-1/4 hours of flight was
calculated to be approximately 4 degrees C.
This value was comparable with the 3 to 5
degree C rise in temperature indicated by the
Ranger VII telemetry. This effect was limited
to the camera lens housing only, since condi-
tions of mass and high reflectance prevented
it from affecting the overall spacecraft tem-
perature.
5. Ranger VIII Temperature Predictions
Thermal design of the Ranger VIII TV Subsys-
tem was based on the requirement to provide
temperatures closely similar to those of
Ranger VII. The "direct input plus ratio fac-
tors,, method for determining the solar energy
input and for predicting flight temperature
(derived from an analysis of Ranger VI flight
data} was used in the calculations performed
for Ranger VIII. A change in solar absorp-
tivity of the paints applied to the top surface
of the fins was necessitated by the increase
in solar constant from the date of the Ranger
VII launch. Due to the possibility of a launch
postponement, calculations of cruise-mode
equilibrium temperatures were made usingthe
solar constants for both early February and
early April. Since predicted temperature data
obtained did not vary appreciably, it was con-
cluded that thermal finish changes would not
TABLE 56
PREDICTED VERSUS FLIGHT TEMPERATURES FOR RANGER VIII TV SUBSYSTEM
Location
Hat (-y)
Vidieon Housing
Shroud (-y)
Internal Battery
Camera Electronics
Predicted Range (° C)
27±5
16±5
24±5
24±5
19±5
Flight Values (o C)
29
18
26
26
21
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be required by postponements of the antici-
pated launch date. Table 56 presents a com-
parison of the predicted cruise temperatures
with those obtained during the Ranger VIII
Spacecraft mission. All temperatures were
within 2 degrees C of the midpoint of the
predicted range.
Terminal operating temperatures for the
Ranger VIII TV Subsystem were affected to a
limited degree by the replacement of the IPA
used on earlier spacecraft with the Resdel
cavity and by the effect of lunar luminance and
lunar infrared radiation. It was found that the
Resdel cavity temperature obtained during test
was 16 to 20 degrees C lower thanthat obtained
during Ranger VII tests. Due to the increase
in the solar constant, the effect of lunar lumi-
nance and infrared radiation was predicted to
cause an increase in the temperature of the
camera lens housing of 5.7 percent over that
predicted for the Ranger VII TV Subsystem.
Consequently, a temperature rise of approxi-
mately 4 to 5 degrees C for the camera lens
housing was predicted. Telemetry data from
the Ranger VIII mission showed a 5.5-degree
rise during the terminal mode.
6. Ranger IX Temperature Predictions
Thermal design of the Ranger IX TV Subsystem
was closely similar to that of Ranger VII and
Ranger VIII. Paint absorptivity values were
adjusted to compensate for the change in solar
constant for the anticipated March launch.
Table 57 presents a comparison of the pre-
dicted cruise temperatures versus those ob-
tained during the Ranger IX mission. All
temperatures were within 5 degrees C of the
midpoint of the predicted range.
TABLE 57
PREDICTED VERSUS FLIGHT TEMPERATURES FOR RANGER IX TV SUBSYSTEM
Location Predicted Range (o C) Flight Values (°C)
Hat (-y)
Vidicon Housing
Shroud (-y)
Internal Battery
Camera Electronics
25 ±5
15 ±5
21 ±5
22 ±5
18 ±5
26
17
25
26
21
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Section VI
Structure Group
A. REQUIREMENTS
The primary requirements for the design of
the TV Subsystem structure were (1) to
hou_seth_ required cameras, electronic as-
semblies, and harnesses; (2) to provide
adequatestrength and rigidity under the en-
vironmental conditions imposed during all
phases of the mission; and (3) to conform
to the geometric and dynamic constraints
imposed by the Ranger Spacecraft and the
Atlas-Agena launch vehicle. The location of the
TV cameras was restricted to the top of the
structure in order to provide an unobstructed
line of vision to the lunar surface during the
terminal mode of the mission. The location of
other assemblies was dictated bytheir weight,
size, mass moment of inertia, center of
gravity, and thermal characteristics.
The primary shape constraint was imposed by
the geometry of launch vehicle nose fairing
and the interface with the Ranger Bus and omni-
antenna. Weight of the TV Subsystem was
limited to 383 pounds of which 76 pounds
were alloted to the structure. The location
of the center of gravity and mass moments
of inertia about axes parallel to the defined
pitch, roll, and yaw axes were specified in
terms of nominal values.
In addition to the primary requirements, the
design of the structure was required to be
compatible with the requirements of thermal
design and to provide access to all components.
B. DESIGN OF STRUCTURE
The structure for the TV Subsystem, shown
in Figure 246, was designed about a central
box beam fabricated by joining four one-
inch angles or longerons with 0.062-inch-
thick, rectangular panels. A 25-inch-diameter,
0.091-inch-thick sheet located 5 inches above
HAT SECTION
(CAM ERA ASSEMBLY )
TELEVISION CAMERAS
I _ ,-'1_ ER
' " THERMAL SHROUD
22L::*
i \/- BASE.LAT 
Figure 246. TV Subsystem Structure
the reference plane functioned as a baseplate.
A ring channel, located below the baseplate,
supported both the central box beam and base-
plate. Holes were made in the ring channel to
reduce the weight of the structure. Six base
fittings attached to the web and lower channel
of the ring channel provided attachment points
for the bus. At the top of the central box beam,
four fittings joined the longerons to the upper
ring channel. Both the upper and lower ring
channels were flanged to provide the circum-
ferential attachment points for the thermal
shroud. Vertical stiffeners, also contoured to
match the thermal shroud, provided additional
rigidity. The hat assembly or upper section,
consisting of upper and lower ring channels
joined together by a thin cylindrical sheet,
was mated to the lower section by the attach-
ing of the lower ring in the upper section to
the upper ring in the lower section.
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Four formed bulkheadsprovided additional
meansof attachingthethermalshroudandalso
servedas shelvesfor mountingtheelectronic
assemblies.Thetelevisioncameras,mounted
in the hat section, were provided an un-
obstructed field of view by modification of the
central box beam and shroud in the areas be-
low the cameras.
Due to their high strength-to-weight ratio,
fatigue-resistant properties, and machinabil-
ity, aluminum alloys were chosen for fabrica-
tion of the structural components. The proven
airframe-type of riveted and bolted assembly
was selected. Use of these materials and
this assembly method provided the advan-
tage of accommodating design changes and
modifications.
C. STRESS ANALYSIS
A stress analysis was performed to substan-
tiate the structural integrity of the Subsystem
by analytical methods. Fatigue allowables were
found to be the criteria for the design of the
structure. The results of this analysis deter-
mined the minimum margins of safety for the
structural components.
The basic structure was analyzed as a column
under longitudinally applied loads and as a
beam subject to bending stresses about both
the x,-x and y,-y axes under laterally ap-
plied loads. In determining the elastic stabili-
ty of the structure, it was assumed that the
total longitudinal load was taken by the central
box column. Due to the method in which it
was supported at its base, the shroud was as-
sumed virtually ineffective as a load-carrying
member for bending about the y,-y axis
under laterally applied loads. The central
box, behaving as a cantilever beam, was as-
sumed to carry all the load. The shroud
tied directly to the base fittings on the y,-y
axis and thus became an effective member for
bending about the x,-x axis under laterally
applied loads. Because the shroud and the
central box beam were connected by rings
and bulkheads at various locations above the
reference plane, application of load to the
central box induced loads in the shroud. An
interaction analysis was performed which de-
termined the forces in the shroud and the
shroud's load-carrying capacity.
The design criteria, presented in the follow-
ing paragraphs, specify the design loads,
predicted dynamic characteristics, and al-
lowable stresses. Three types of stress con-
ditions were investigated; (1) Stresses
produced by laterally applied loads; (2) Stress-
es produced by longitudinally applied loads; and
(3) Stresses produced by a combination of both
laterally and longitudinally applied loads. The
specified design configuration, which follows
the design criteria, lists the Subsystem com-
ponents, their weight, and their location on
the structure with respect to the defined
reference system. The Subsystem center of
gravity and moment of inertia calculations, as
well as the sectionproperties and the lglateral
loading shear and bending moment diagrams,
are also presented. The stress analysis is
concluded with the table of minimum margins
of safety. The negative margins of safety ob-
tained originally were based upon extremely
conservative assumptions and the most detri-
mental load paths. A subsequent study of more
realistic load paths from the cameras to the
longerons showed that the hat section ring
transmits only the camera shear load and is
negligibly affected by the overhung moments.
It was the out-of-plane stresses, resulting from
these overhung moments, which originally
showed negative margins of safety.
The following definitions are applicable to the
stress analysis:
• The limit loads represent the maximum
loads the structure is expected to experi-
ence under specified conditions of opera-
tion or use.
• The design load is a limit load multiplied
by the appropriate hazard factor.
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• The hazard factor for the structural com-
ponents of the Ranger TV Subsystem
structure is 1.00.
• The ultimate load is the design load
multiplied by 1.25.
1. Design Criteria
a. DESIGN LOADS
The structure was required to withstand shock,
vibration, and static loads. The system's dy-
namic characteristics were based on the fol-
lowing target natural frequencies:
• Longitudinal: f >_ 80 cps
• Lateral: f >_40 cps
n
(1) ShockLoading
The following half-sine-wave shocks of 2 to 3
milliseconds duration were to be applied at
the base of the structure:
• Longitudinal: 20g acceleration
• Lateral: 6g acceleration
The equivalent forcing frequency is:
1
f - 2 (0.003) - 166.6 cps
The longitudinal dynamic response is given by:
f 80
" 0.480
f 166.6
A = 0.92
0
Acceleration response =0.92 x 20g =18.4g
The lateral dynamic response is given by:
f 40
__a_ 0.240
f 166.6 -
Ao= 0.59
Acceleration response = 0.59 x 6g = 3.54g
(2) Vibration Loading
The vibration analysis was made assuming a
ratio of actual to critical damping (r/rc) of 0.05.
Idealizing the cameras and structure as a sim-
ple spring mass system withdampening, allows
use of the universal response curve. The ex-
pected accelerations at the cameras for low
frequency are given in Table 58.
The acceleration response for white Gaussian
noise is:
where
Q 1 1 -10
2(r/r c) - 2(0.05)
5o = power spectral density
(rms g) 2
frequency range
co= natural frequency, radians/second.
It should be noted that the preceding is the one
sigma response. This response shouldbe mul-
tiplied by three to include 99.6 percent of the
peaks.
Table 59 presents the response values cal-
culated in this manner.
Table 60 presents the combined acceleration
response to beth sinusoidal and white noise
input.
The structure accelerations are summarized
in Table 61.
Since _he target distance to the center of
gravity (c.g.) of the cameras is 49.4 inches
and the target distance to the c.g. of the Sub-
system is 23.4 inches, the average accelera-
tion at the Subsystem c.g. is:
Acceleration - 49.4 camera g - input g
+ input g
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TABLE 58
LOW-FREQUENCY SINE-WAVE ACCELERATIONS
Input Acceleration Output Acceleration
Direction Condition Average (at base) (at center of gravity)
Magnification (g peak) (g peak)
Resonance 10 1.25 12.50
Lateral 1.25 2.50
Nonresonance 2
1.20 2.40
Resonance - - -
Longitudinal Nonresonance 2 2.45 4.90
Nonresonance 2 2.50 5.00
TABLE 59
HIGH-FREQUENCY RESPONSE FOR WHITE GAUSSIAN NOISE INPUT
Input Frequency
Direction Acceleration Range So
(rms) (cps)
6.00 15 to 1500 0.024
Lateral
Longitudinal
3.00 15 to 1500 0.006
15 to 1500 0.00151.50
6.00
3.00
2.25
15 to 1500
15 to 1500
15 to 1500
0. 024
0. 006
0.00507
Q
10
I0
I0
10
I0
10
_n
(rad/sec) X2
251 15.05
251
251
503 30.95
5O3
5O3
3.87
5.54
30 Peak
Response
(g)
11.61
5.85
2.91
16.62
8.31
6.25
From Table 61, the average lateral accelera-
tion is calculated as:
lateral=_--_- 26.6-_/2- (1.5+ 1.5)
+ _/2 (1.5+ 1.5)= 14.84g
b. CALCULATION OF ALLOWABLE STRESSES
The allowable stress was determined by fatigue
loading using Palmgren's Hypothesis. The g-
loading at the Subsystem's c.g. was used with
its corresponding number of cycles. Three
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TABLE 60
HIGH-FREQUENCY RESPONSE FOR WHITE NOISE PLUS SINE-WAVE INPUTS
Direction Condition
Input Acceleration
(rms)
Output Acceleration
(rms) Total Response
('_- x qSin' + Noise2)
Sin Reson 21.30g
Lateral
Nonreson
Longitudinal
Sine Noise
1.50 1.50
1.50 1.50
2.25 2.25
2.25 2.25
Sin Reson
Sine Noise
15.0 2.91
3.0 2.91
22.5 6.25
4.5 6.25Nonreson
5.91g
33.10g
10.87g
TABLE 61
SUMMARY OF STRUCTURE ACCELERATIONS
Direction Test
Lateral
Longitudinal
Low
High
Low
High
Input Acceleration Response,g (Lin. Ld) Ultimate Design Load
(9)
Reson Nonreson Camera c.g. Subsystem c. g.
1.20 Peak - 2.40 Peak - -
1.25 Peak 12.5 Peak 2.50 Peak -
6.0 rms - 11.61 Peak - -
3.0 rms - 5.85 Peak - -
1.5 rms Noise
21.3 Peak 5.91 Peak 26.6g 14.84g
1.5 rms Sine
2.45 Peak - 4.90 Peak - -
2.50 Peak - 5.00 Peak - -
6.0 rms
3.0 rms
2.25 rms Noise
2.25 rms Sine
- 16.62 Peak -
- 8.31 Peak -
33.1 Peak 10.87 Peak 41.4g 41.4g
different stress conditions were investigated.
They were:
• Parts stressed by lateral loads;
• Parts stressed by longitudinal loads;
• Parts stressed by both lateral and longi-
tudinal loads.
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Since it was estimated that holes would be
made in the structure, fatigue data for mildly
notched specimens was used. Also, since well-
proportioned beams have essentially uniform
stress at the tips, axial fatigue datawas used.
(!) Number of Cycles for Sinusoidal Sweep
JPL specifications required sinusoidal sweeps
where the rate of frequency was proportional
to the frequency. The number of cycles is
given by:
do)
- Kcodt
where
t
and
n
sweep f codt /f (Do2--_--= 2=
o o
t
sweep
tf
- 2_ln cof ((Dr - coo)
(D O
fn
tf O
n _ t_ (cob-(Do) -
sweep resonance2_rln (Dr colIn__
(DO COO
(for _%> (Dn> OJa)
Table 62 lists the values of the number of
cycles per sweep and per test which were
derived from the preceding equations.
(2) White Gaussian Noise, Number of Cycles
For white Gaussian noise the number of zero
crossings (no) is twice the natural frequency
of the structure. In anyperiod, two zero cross-
ings per cycle are required. Therefore, if it
is assumed that the stress cycle effectof small
amplitude fluctuations (i.e., non-zero crossing
troughs) is offset by small amplitude stresses
with zero crossings, then no/2=f . will be the
number of equivalent maximum amplitude
stress cycles per unit time. The equivalence
is illustrated in Figure 247. Table 63presents
the number of cycles. Tables 64and 65present
the vibration-induced stress levels.
(3) Allowable Stress for Lateral Loads
Using the data from Table 64 and applying
Palmgren's Hypothesis, the allowable stress
for lateral loads is as presented in Table 66.
From the preceding tabulation, it may be
concluded that for areas affected by only lat-
eral loads, an allowable stress of 30,300 psi
should be used for a designlimit loadof 12.34g
or an ultimate load of 15.42g.
(4) Allowable Stressesfor Longitudinal Loads
Using the data from Table 65, and applying
Palmgren's Hypothesis, the allowable stress
for longitudinal loads is presented in Table 67.
From the preceding tabulation, it may be
concluded that for areas affeeted onlybylongi-
tudinal loads, an allowable stress of 32,000psi
should be used for a design limit load of 33.10g
or an ultimate load of 41.40g.
(5) Allowable Stressfor Combined Lateral and
Longitudinal Loads
For the combined effect of both lateral and
longitudinal loading, the relative effectiveness
of each should be considered. Using the bending
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TABLE 62
NUMBER OF CYCLES OF SINUSOIDAL VIBRATION
Low Frequency
C0f
Direction Condition Frequency Range tf 2_"
Nonreson.
1 to 2.8 130 2.8
2.8to 6 93 6.0
6 to 40 252 40.0
Lateral
Reson. 6 to 40 252 40.0
Nonreson.Longitudinal
lto4 180 4.0
4 to 40 300 40.0
High Frequency
Lateral Reson. 40 to 1500 120 1500 40
Longitudinal Reson. 40 to 1500 120 1500 40
OJf
2_
1.0
2.8
6.0
6.0
1.0
4.0
n n
Sweep Test
228 684
391 1,173
4,520 13,560
532 1,596
389 1,167
4,690 14,070
133 399
265 795
WHITE NOISE T FATIGUE EQUIVALENT
/
T
I PERIOD
m
m
WHERE o, b, c, d, e
olt bll Ctt dll @1
Ao
x
Y
: ORIGINAL ZERO CROSSINGS
= CORRESPONDING ZERO CROSSINGS IN EQUIVALENT FATIGUE SYSTEM
: MAXIMUM STRESS CYCLE AMPLITUDE
: SMALL AMPLITUDE F:LUCTUATION (NO ZERO CROSSING)
: SMALL AMPLITUDE FLUCTUATION (WITH ZERO CROSSING)
Figure 247. Fatigue Equivalence of White Noise
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TABLE 63
HIGH-FREQUENCY NOISE, NUMBER OF CYCLES
Direction Input g Test Time(seconds)
n
Test
6 12 40 480
3 180 40 7,200
Lateral
1.5 Noise 360 40 14,400
1.5 Sine
6 12 80 960
3 180 80 14,400
Longitudinal
2.5 Noise
360 80 28,800
2.5 Sine
stress in the long base channels as the cri-
terion, the stress ratio is given by:
fb/g longitudinal= zMs/Ag _ 24,150/51.4g
fo/g lateral yM s/A g 12,520/13.4g
= 0.718 = r
The lateral g loads are 1.392 times as effective
as the longitudinal g loads. Allowing for this,
using the data in Tables 64 and 65, and applying
Palmgren's Hypothesis, the combined loading
values are as given in Table 68.
From the preceding tabulation, it may be con-
cluded that in parts that are stressed in the
same way by both longitudinal and lateral
loads, either of the design criteria given in
Table 69 may be used.
As in the other cases investigated, the pre-
ceding data allows for three complete sets of
structural-type approval tests. The allowable
fatigue stresses are for axial loads and are
also usable for bending stresses, but not
for shear.
Table 70 presents the fatigue allowable prin-
cipal stresses for the loading conditions con-
sidered to affect the parts. These are not the
allowable shear stresses. All of the allowable
stresses may be superseded by allowable
buckling stresses.
In general, when a part is stressed the same
way by both lateral and longitudinal loads, an
allowable fatigue stress of 16,500 psi should
be used and the ultimate lateral load shouldbe
15.42g. When a part is stressed the same way
by only lateral loads an allowable fatigue stress
of 30,300 psi should be used and the ultimate
lateral load should be 15.42g. When a part is
stressed the same way by only longitudinal
loads, an allowable stress of 32,000 psi should
be used and the ultimate longitudinal load
should be 41.40g. A major exception is the
cast camera support bracket whose analysis
is given in.Table 71.
The allowable fatigue stress (notched speci-
men, rotating beam) is (per Figure 248):
= _+'/7,700 psi
2. Design Configuration
The design configuration for the TV Subsystem
is shown in Figure 249. Table 72 presents the
weights and locations of the Subsystem's as-
semblies and components.
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TABLE 64
VIBRATION-INDUCED STRESS LEVELS IN THE LATERAL DIRECTION
Test
High
Freq.
White
Noise
+
Sinus-
oidal
Freq.
Range Cond. Input g
1-2.8 Nonres. I. 20 pea_
2.8-6 Nonres. 1.25 peakLow
Freq.
Sinus- 6-40 Nonres. I. 25 peak
oidal
36-40 Reson. 1.25 peak
15-1500 Nonres. 6.0 rms
15-1500 Nonres. 3.0 ms
15-1500
40-1500
Nonres.
Nonre s.
Re son.
15-1500
40-44
1.5 rms
noise
1.5 rms
sin
Output g, A
Camera c.g.
2.40 1. 769
peak
2.50 1. 843
peak
2.50 1. 843
peak
12.50 6. 583
peak
11.61 9. 970
peak
5.85 5.000
peak
5.91
peak 4.950
5.91
peak
l.S rms
noise 21.30
12.340
1.5r ms peak
sin
n n*
Test (3 Tests)
684 4, 104
1,173 7,038
13,560 81,360
1,596 9,576
480 2,880
7, 200 43,200
14,400 86,400
399 2,394
*Based on three tests in each of two mutually perpendicular directions.
**Stress per g at payload center of gravity.
FQe
psi Fae/Ag**
(per 3 (psi/g)
Tests)
29,800 16,845
27, 800 15,084
18,700 10, 146
26,600 4,041
31,000 3,109
21,000 4,200
18,500 3,737
31,800 3,577
3. Center-of-Gravity and Moment-of-
Inertia Calculations
The spacecraft moments of inertia at the center
of gravity were determined as follows:
I
Yc.g.
I = _! + _Wy2 + _,Wz2 - _,Wy(_) - _,Wz(z) I
Xc.g" Xo c.g.
= 18.20 slug-ft 2.
= _I + _Wx2+ 2Wz2 - ZWx(1) - _Wz(_)
Yo
= 18.75 slug-ft 2.
= _I _Wx2+ _Wy2 _Wx(_) _Wy(_)
= 3.02 slug.ft 2.
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TABLE 65
VIBRATION-INDUCED STRESS LEVELS IN THE LONGITUDINAL DIRECTION
Freq.
Range
Cond.
Input g
15-1500
2.45 pk
Output g, A**
Camera
4.90 pk
n
Test
1,1671-4 Nonres.
Low
Freq. 4-40 Nonres. 2.45 pk 5.00 pk 14,070
Sinus-
oidal
15-1500 Nonres. 6.0 rms !6.62pk 960
Nonres. 3.0 rms
2.25 rms
noise
2.25 rms
sin
2.25 rms
noise
2.25 rms
sin
High
Freq.
White
Noise +
Sinus-
oidal
Nonres.
Reson.
8.31 pk
10.87 pk
33.10 pk
15-1500
40-1500
15-1500
76-84
14,400
28,800
795
n*
(3 Tests)
3,501
42,210
2,880
43,200
86,400
2,385
Fae
psi
(per 3
Tests)
Fae/Ag**
(psi/g)
30,400 6,204
21,200 4,240
31,000 1,865
21,000 2,527
18,500
32,200
1,702
961
*Based on three tests.
**Almost entire payload supported on two relatively flexible base channels.
where
E/i is the summation of individual compo-
° nent's moment of inertia about its own
i-axis.
The Subsystem c.g. is located by multiplying
the weight column of Table 72 by each of the
location columns, i.e.:
1w
"_ = _ = -0.76 inch
Zw
_.W
y _ Y --(2038 inch
_w
- _w
z - z - +21.160 inches
The center of gravity for the z,-z axis is then:
Zsubsystem= 477.600 - 21. 160 = 456.440 inches
(Z = 0 at station 477.600)
The cross- sectional moments of inertia for the
central box beam and shroud at various stations
along the z-axis are given in Table 73. Fig-
ure 250 illustrates various reference station
locations.
4. Shear and Bending Moment Diagrams
The shear and bending moment diagrams for
the structure are shown in Figures 251 and
252 respectively.
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TABLE 66
LATERAL LOADING STRESSES
Test
Low Freq.
Sinusoidal
High Freq.
White Noise
+ Sinusoidal
Ag@c.g.
Foe
Alg
Foo
Al"--gAg
!
Nx106 n x106
3 Tests
1.769 2,450 4,330 = 0.00410 0.000
1.843 2,450 4,520 = 0.00703 0.000
1.843
6.583
9.970
2,450 4,520 _ 0.08140 0.000
0.19000 0.00958 0.0582,450
2,450
2,450
2,450
2,450
5.000
16,100
24,400
12,230
12,120
30,300
4.950
O.O1700
1.30000
1.40000
0.0038012.340
0.00288
0.04320
0.08640
0.00239
n
N
0.169
0.032
0.061
0.630
= O. 950
TABLE 67
LONGITUDINAL LOADING STRESSES
Test Ag Foe
A1g
Foe
-- Ag
Alg
NxlO 6 n-- xl0 6
3 Tests
4.90 968 4,680 co O.00350 O.000
LOW
Frequency 5.00 968 5,230 co 0. 04220 0.000
16.62 968 15,900 0.20000 0.00288 0.014
8.31 968 7,950 20.00000 0.04320 0.002
High
Frequency 10.87 968 10, 400 4.00000 0.08640 0. 021
33:10 968 32, 000 0.00250 0.00239 0.956
= 0.993
n
N
5. Minimum Margins of Safety
Minimum margins of safety for each item of
the structure were derived from the stress
calculations. These data are presented in
Table 74.
D. DESIGN MODIFICATIONS
1. Camera Mounting Bracket Modification
The initial configuration of the Subsystem
structure was modified to incorporate the
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TABLE 68
COMBINED LATERAL AND LONGITUDINAL LOADING
Direction Ag
1.769
1. 843
1. 843
6.583
9.970
5.000
4.950
12.340
4.90
5.00
16.62
"_c 8.31
O
10.87
33.10
Fa___K.
r
Aig
1.0 1340
1.0 1340
1.0 1340
1.0 1340
1.0 1340
1.0 1340
1.0 1340
1.0 1340
0.718 1340
O. 718 1340
O. 718 1340
O. 718 1340
O. 718 1340
O. 718 1340
_o
A1g r Ag n x1063 Tests
2,370 4.10 x 103 co 0.000
2,470 7.03 x 103 _ 0.000
2.470 8.14 x 104 o_ 0.000
8,820 9.58 x 103 1.0 x 107 0.001
13,360 2.88 x 103 6.2 x 105 0.005
6,720 4.32 x 104 3.5 x 107 0.001
6,640 8.64x 104 4.0 x 107 0.002
16,500 2.39 x 103 1.3 x 105 0.018
4,710 3.50 x 103 co 0.000
4,810 4.22 x 104 _ 0.000
16,000 2.88 x 103 1.5 x 105 0.019
8,000 4.32 x 104 1.7 x 107 0.003
10,450 8.64 x 104 4.0 x 106 0.022
31,800 2.39 x 103 2.6 x 103
n
N
0.920
= 0. 991
TABLE 69
ALLOWABLE FATIGUE STRESS FOR COMBINED LONGITUDINAL AND LATERAL LOADS
Direction Limit Load (g) Ultimate Load (g) Fatigue Allowable (psi)
Longitudinal 33.10 41.4 31,800
Lateral 12.34 15.4 16,500
requirement for overlap of the picture pattern.
This necessitated redesign of the camera
mounting bracket. The original camera mount-
ing bracket, a 6061-T4 aluminum alloy welded
structure was replaced by an A-356-T61 alum-
inum alloy casting. The mounting surfaces were
machined to tolerances that provided the
required relative alignment of the cameras.
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TABLE 70
ALLOWABLE PRINCIPAL STRESS
Part
Ultimate Design Load
Lateral
(g)
Longitudinal
(g)
Long Base Channel 15.42 41.40
Camera Mounting Plate 15.42 41.40
Central Box 15.42 41.40
Shroud
Allowable Stress
Lateral
(psi)
Longitudinal
(psi)
16,500 31,800
16,500 31,800
16,500 31,800
15.42 30,300
Bath Tub Fitting 15.42 - 30,300 -
Bath Tub Fitting - 41.40 - 32,000
8 12 16 20 24 28
FATIGUE STRESS (KS]:)
32 36
Figure 248. Minimum Axial Fatigue Values
Mildly Notched Specimen
for a
This precluded the additional positioningofthe
individual cameras once they were mounted on
the bracket. Mounting holes in the bracket
permitted it to be positioned to align the entire
camera array relative to the spacecraft refer-
ence axis. With the exception of ductility, the
mechanical properties of the high-purity alum-
inum used in the casting were recognized to be
better than those of the 6061-T4weldment used
in the original design.
2. Thermal Shroud Modifications
The hole pattern in thermal shroud was also
modified to comply with the requirement for
overlap in the camera picture pattern. In addi-
tion, minor modifications to the basic structure
were required to remove interferences with
the cameras' fields of view. These modifica-
tions were performed in accordance with the
basic design philosophy of maintaining the
strength and stiffness of the structure by
replacing removed material with equivalent
structure. An additional shroud modification
was performed when the Subsystem was
changed to the split-system configuration.
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- X (WITH SHROUD) + Y (WITH SHROUD)
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I
+ X(SHROUD REMOVED) - Y (SHROUD REMOVED)
Figure 249. Design Configuration for TV Subsystem
287
tL-
L
-X (SHROUD REMOVED) + Y (SHROUD REMOVED)
Figure 249. Design Configuration for TV Subsystem (Continued)
288
VOLUME 3 SECTION VI
TABLE 71
DESIGN CRITERIA FOR CAMERA SUPPORT BRACKET
Direction
Longitudinal
Lateral
Limit
g Load
28.3
24.5
Design
Factor
1.25
1.25
Ultimate
g Load
35.4
30.6
3. Split-System Modification
As a result of the modification of the Subsystem
to the split-system configuration, the six open-
ings in the shroud were encompassed into one
large cutout. The large cutout was contoured
and flanged to reduce high localized stress
concentrations and buckling. Re sults of a stress
analysis performed at this time led to the re-
placement of the two removable angle stiffeners
around the cutout by a bulb tee section. The
tees were attached to the transverse bulkheads
and the shroud was attached to the tees. Exist-
ing holes in the shroud were utilized for attach-
ing the shroud to one leg of the tees; a second
row of staggered holes was added to the shroud
for attachment to the other tee leg.
In addition to the shroud modification, the
change to the split-system configuration re-
quired the removal, relocation and addition of
various Subsystem assemblies. Mounting de-
sign for the new assemblies was similar to
that in previous use: assemblieswere mounted
directly to the structure, or to adapter plates
where direct ties were not possible. Locations
were determined on the basis of function,
proximity to other assemblies, and thermal
considerations.
4. Minor Modifications
Throughout the program, minor structural
modifications were made when necessary.
Since these modifications had no effect on the
structural integrity of the Subsystem, they will
not be described in detail. The most significant
of these are listed in Table 75.
E. STRUCTURAL TEST PROGRAM
Test evaluation of the structural design of the
TV Subsystem began with vibration testing of
a mechanical test model (MTM), continued
during the Proof Test Model (PTM) test se-
quence, and concluded during the acceptance
tests of the Ranger VI, VII, VIII and IX Space-
craft. The following paragraphs present test
description, evaluations and conclusions for
the most significant portions of the structural
test program. Table 76 summarizes the entire
structural test program. Table 77 summarizes
the Subsystem's natural frequency as deter-
mined at various intervals during the test
program.
I. Mechanical Test Model Testing
A mechanical test model (MTM) was con-
structed to verify the structural integrity of
the Subsystem design. The model consisted
of the basic structure complete with ther-
mal shroud and thermal fins. The MTM was
equipped with dummy modules which simulated
the weight, center of gravity, and moments of
inertia of flight modules. A dummy cable
harness simulated the configuration and weight
of the actual cable harness. Prior to qualifica-
tion testing, the MTM was fitted with a JPL-
furnished omnidirectional antenna in order to
fully approximate the flight condition.
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TABLE 72
COMPONENT WEIGHTS AND LOCATIONS
Component
F a Camera and Color Wheel
F b Camera
Pl Camera
P2 Camera
P3 Camera
P4 Camera
Locations
Weight
7.70
7.00
6.00
6.00
6.00
6.00
0.00
0.00
4.50
4.12
-4.12
-4.50
O.O0
1.62
O.O0
-0.50
-0.50
O.O0
A2 to A7 Camera Electronics
A8 Video Combiner
A9 Camera Sequencer
A10 Battery
All Battery
A12 High-Current Voltage Regulator
A13 Command Switch
A14 Transmitter
A15 Power Amplifier
A16 Power Supply
A17 Low-Current Voltage Regulator
A24 Four-Port Hybrid
A25 Dummy Load
A26 Telemetry Assembly
A27 Temperature Sensor
A28 Sequencer Power Supply
A29 Telemetry Processor
A19 Transmitter
A20 Power Amplifier
48.50
2.12
10. O0
44.20
44.20
3.15
2.O0
4.O0
1.40
11.88
0.75
1.25
1.08
10.68
0.80
4.60
0.50
4.O0
1.40
0.00
7.25
0.00
-4.20
4.20
-7.95
7.75
0.00
7.25
-8.50
2.75
-3.50
-1.00
0.00
5.25
-7.00
-7.95
0.00
-7.25
O.O0
O.O0
7.04
O.O0
O.O0
-2.75
2.50
-5.75
3.90
O.O0
-8.50
-8.00
7.75
-7.50
6.37
O.O0
3.30
5.75
-3.90
46.03
55.43
46.03
53.03
53.03
46.03
26.68
26.68
8.00
11.00
11.00
14.25
13.75
17.10
18.30
7.80
14.00
12.50
12.75
7.50
13.00
26.68
13.37
17.10
18.30
29O
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TABLE 72
COMPONENT WEIGHTS AND LOCATIONS (Continued)
Component
A21 Power Supply
A23 Signal Sampler
A30 Telemetry Processor
Camera Bracketry
Wiring Harness
Structure
Weight
11.88
0.00
0.50
6.63
13.00
68.56
Locations
x y
8.50 0.00
0.00 0.00
7.95 -3.30
0.00 0.00
0.00 0.00
0.00 -0.03
7.80
0.00
13.37
50.78
10.00
20.51
TOTAL = 335.78 lbs
TABLE 73
CROSS-SECTION MOMENTS OF INERTIA
Central Box Beam Shroud
Station
Ix ly Area Ix ly Area
(inch 4) (inch 4) (inch2) (inch 4) (inch4) (inch2)
472.600 61.85 93.59 3.90 317.01 253.66 3.73
465.350 61.85 93.59 3.90 265.81 210.71 3.57
61.85 93.59 3.90
456. 920 238.64 164.06 3.38
51.66 114. 25 3.30
450. 600 51.66 114. 25 3.30 185.21 141.05 3.24
51.66 114. 25 3.30
443.970 124.03 114. O0 2.77
39.81 81.85 2.85
435.720 39.81 81.85 2.85 113.60 113.60 2.30
431. 317 36.72 67.13 3.38 196.50 196.50 6.13
418.317 - - ° 125.40 125.40 4. 35
The MTM was subjected to a test program
designed to duplicate the vibration environ-
ments encountered during the performance of
the planned mission. The criteria for deter-
mining acceptable performance were the ab-
sence of failures in structural members or
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418.317
!
431.317
435.720
443.970
450.600
456.970
465.350
472.600
Figure 250. Reference Station Locations Along Structure
component attachment points and the absence
of excessive deflections, permanent deforma-
tions, and undesirable dynamic effects. Prior
to each vibration test, the MTM was mounted
to a test fixture which, when attached to the
vibration-test exciter, closely simulated the
dynamic conditions of flight configuration.
The first structural tests began withthe vibra-
tion tests of the MTM at RCA. The model was
subjected to translational vibration in accord-
ance with the applicable test specifications.
After the successful completion of these tests,
the MTM was mounted to the JPL bus in prep-
aration for a similar series of tests at JPL.
The purpose of these tests was to establish
the structural adequacy of the entire spacecraft
as an integral unit and to determine its dy-
namic characteristics (transmissibilities, nat-
ural modes, etc.). Testing was stopped several
times duringthe testprogram to evaluate fail-
ures to the solar panel truss support fitting.
During this initial portion of the testprogram,
several interface difficulties were revealed.
Slippage between the Subsystem and the bus
resulted in a relaxation of the mating bolt
loads. The laminated fiberglass shims, used
at the interface for their thermal conductivity
characteristics, were found to have poor spring
rate characteristics and a low coefficient of
friction. Inspection of the entire test specimen
revealed several areas where fasteners had
become loosened. After correction of these
difficulties and replacement of the magnesium
bracket with an aluminum solar panel support
bracket, the test program was resumed and
the Ranger VI configuration of the MTM was
structurally qualified for flight.
The MTM was subsequently modified for qual-
ification testing of the Ranger VII configuration.
During the low-frequency sweep along the x,-x
axis, modal checks indicated possible struc-
tural damage as a result of shock loading due
to shaker dumping. The test was terminated
and an inspection revealed a failure in the bus
structure. Testing was resumed with the run-
ning of modal checks along the x,-x and y,-y
axes. Modal excitation was provided by a pair
of 25-pound capacity, electromagnetic shakers
located in the base plane of the top hat. Modal
checks prior to each low- and high-frequency
sweep yielded slightly different frequencies;
this was attributed to a slight variation in the
flexibility of the mounting fixtures. By ascer-
taining that no significant drop in frequency
occurred as a result of vibration testing, it
was concluded that no structural degradation
had occurred. After the completion of both
low- and high-frequency sweeps along each
axis of the MTManda subsequent visual
inspection, the structure was accepted as qual-
ified for flight.
2. Proof Test Model Testing
a. TEST DESCRIPTION
As a result of the investigation conducted after
the failure of the Ranger VI Spacecraft mis-
sion, several design changes were made to the
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350 --
338.4
300 -
I=294.2
275.9
250 - 252J
200
150
IO0
50
0
0
TOTAL WEIGHT = 338.4 LB
CG LOCATED AT STATION 456.480
(INCLUDES OMNI- ANTENNA)
ZERO REF PT IS AT STA 477.600
219.3_ 216.4
-- 208.5',,_
136.0._.,,_t37.4
Ik.
STA I -'1"4.4
472.6oo I I
STA I _
46_.i_0 I -"'16`.6
_ 6t_.9
2;%. I
STA
443.970 STA
I 4311317
I I I I I I I I I I
5 I0 15 20 25 30 35 40 45 50
DISTANCE FROM STATION 477.600 (INCHES)
Figure 251. Shear Diagram for Ig Lateral Loading
TV Subsystem. These modifications were in-
corporated in the Proof Test Model (PTM).
After undergoing the prescribed sequence of
vibration testing at RCA, the PTM was de-
livered to JPL for spacecraft qualification
tests. The selection of accelerometer and
strain gage locations for these testswasbased
on the following conditions:
• For lateral axis sinusoidal excitation of
the spacecraft, the structural responses
are the inputs to the components mounted
at the locations where these structural
responses occur. Therefore, it was nec-
essary to determine these peak responses
at various stations along the thrust axis.
This information would determine if the
inputs to the components were more
severe during the spacecraft qualification
test or during the assembly-level ac-
ceptance tests.
Because of their electrical functions,
some assemblies in the TV Subsystem
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Z
7500 II_
7000
6500
6000
5500
5000
4500
4000
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3000
2500
2000
1500
I000
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0
0
STA 472°600
STA 465.350
STA 456.920
STA 443.970
STA 431.517
I I I I I I I I
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Figure 252. Bending Moment Diagram for Ig Lateral Loading
were critical to the success of the mis-
sion. Since the internal mounting of
transducers in the assemblies was not
practical, some accelerometers were
mounted on these components to measure
component inputs while others measured
component responses.
At several locations on the Subsystem,
the close proximity of the components
might cause mechanical interference to
occur. To determine if such a situation
existed, instrumentation which monitored
thrust direction excitation was selected
for these components. It was planned that
the reduced data obtained be phase-
related for subsequent analysis.
The stress analysis showed several crit-
ically stressed areas; i.e., the camera
bracket and the hat section ring. While it
was believed that the analyses for these
items were based on highly conservative
assumptions, the PTM was instrumented
with strain gage rosettes to resolve the
question of these high stresses.
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TABLE 74
MINIMUM MARGINS OF SAFETY
Item Critical Condition Type of Stress
or Load
Fitting,
Base Section P -Excitation Bending
z
Fitting, Tee Lateral Loading Bending (x,-x)
Fitting, Base Lateral Loading Bending
Fitting Combined Lat. & Long. Tensile
Fitting, Base Pz-Excitation Tensile
Lateral Loading
Box Beam,
Rivet Spacing
Hoist Fitting Torsion of Legs
Battery Rack
Lateral LoadingMount Shear Pin
Long Base
Channel
Short Base
Channel
Central Box
Beam
Skin, Central
Box Beam
Longitudinal Load
Lateral Loading
Lateral Loading
Local Buckling
Longeron Ang.
Cent. Box Beam
Shear
Shear
Shear
Bending
Bending
Bending
Compres sive
Margin
of
Safety
+ 0. 530
+ O. 110
+ 0.060
+ O. 118
+ 0.790
>__1.00
+ O. 300
> 1.00
+ 0.790
> 1.00
+ 0. 843
+ 0. 012
> 1.00Local Buckling Compressive
Base Channel
Lateral Loading Bending > 1.00Ring
Shroud Panel Shear plus
Lateral Loading - 0.050
Stringers Compression
Thermal Fins Longitudinal Load Bending > 1.00
Where negative margins appear, analyses were conservative.
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TABLE 74
MINIMUM MARGINS OF SAFETY (Continued)
Margin
Item Critical Condition Type of Stress of
or Load
Safety
Fitting Combined-Lat. & Long. Tensile + 0.12
Fitting, Hoist Hoisting Shear + 0.46
Fitting, Longitudinal Combined + 0.58
Camera Support
Stud - Camera
Brket. TV Tension - > 1.00
Subsystem
Bracket, Camera X-Excitation Combined > 1.00
Support
Bracket, Camera Y-Excitation Combined + 0.02
Support
Bracket, Camera Z-Excitation Combined > 1.00
Support
Lug, Camera
Px- or Py-Exeitation Bearing > 1. 00Support Bracket
Fitting, Camera P -Excitation Combined + 0.430
Support z
Upper Ring P -Excitation Combined > 1.00
Lower Section z
Ring, Camera > 1.00
Section
Where negative margins appear, analyses were conservative.
The vibration testing of the Block III Ranger
PTM was marked by the difficulty in main-
taining the specified input levels at discrete
frequency intervals. However, these high fre-
quencies were in the range where the loads on
the Subsystem were not amplified to any extent
and may have been attenuated. The specified
testing sequence consisted of 60-second ran-
dom noise bursts and low- and high-frequency
sinusoidal sweeps along each of the three
mutually perpendicular spacecraft axes, and a
torsional test. Modal tests, conducted before
and after testing, verified that no structural
failures occurred. During the modal survey,
aural verification was obtained by a stetho-
scopic examination. Several transducer chan-
nels were also monitored and the data was
found to be satisfactory. At the completion of
testing, the TV Subsystem was subjected to a
mechanical inspection, which showed no loose
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TABLE 75
MINOR STRUCTURAL MODIFICATIONS
Modifications Purpose
Support bracket panel
Battery support bracket
Removable deck panel section
Addedto accommodate the Mariner R solar panel.
Consisted of a tubular four-bar space truss.
Added to support lightweight battery. Replaced
aluminum cover plate.
Added to permit routing of revised harness and
antenna cable.
connectors, cables, or accelerometer blocks,
and no play in any of the hard-mounted com-
ponents. Bonding material placed between the
closely mounted components appeared to have
held through vibration. Upon completion of the
mechanical inspection, the Block IH PTM was
deemed to have been requalified.
b. TEST EVALUATION
In evaluating the vibration test data, peak
structural responses for lateral sinusoidal ex-
citations were determined. The test results
indicated that the input of 0.75g (rms) in the
x-axis direction at a resonant frequency of
26 eps produces the critical structural re-
sponse curve. This effectively defines the peak
input acceleration profile to the electronic
assemblies. Tables 78 through 81 present the
peak structural responses recorded duringthe
test, while Tables 82 through 85 present the
peak accelerations for the electronic assem-
blies for vibration about each axis and for
torsional excitation. Figures 253 and 254 show
the acceleration profiles of structural response
for the x-axis and y-axis vibration.
From the acceleration profile curves and the
tabulated acceleration data, it was determined
that, for both lateral and longitudinal vibration,
the electronic assemblies of the TV Subsystem
were subjected to more severe environments
during assembly level tests than when tested
as part of the PTM. The following sample
calculation of longitudinal accelerations for
the Command Control Unit verifies the con-
clusions reached.
(1) Sample Calculation of Acceleration for
Command Control Unit
The peak longitudinal (z-axis) response as
measured by accelerometer Z7 (Figure 255) is
25g at a frequency of 150 cps. Accelerometer
Z22, mounted to the flange of the Command
Control Unit defines the input to the unit. At
the frequency of 150 cps, no data is available
for accelerometer Z22. However, the response
of accelerometer Z15 on the Four-PortHybrid
will be assumed to experience the same accel-
eration, since both accelerometers are simi-
larly mounted at approximately the same
elevation. Therefore the response and accel-
eration are given by:
g Response = gAccelerometer Z 7 = 25.0g peak
at 150 cps
glnput = g Accelerorneter Z15 = 3.0g peak
at 150 cps
Transmissibility Q = 25/3 = 8.33
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TABLE 77
NATURAL FREQUENCIES OF TV SUBSYSTEM FOR X,-X AXIS EXCITATION
Condition of Subsystem Frequency (cps)
Initial Configuration:
• Subsystem, no bus, with shroud
• Subsystem, no bus, without shroud
• Subsystem, on bus, with shroud*
Split-System Configuration:
• Subsystem, on bus, with shroud
Post-Ranger VI Configuration:
• Subsystem, on bus, with shroud*
42.0
31.0
24.8
28.4
24.8**
*Magnesium bus
**Approximately a 14 percent increase in first mode, natural
frequency in both x and y directions over natural frequency
for split-system configuration
The component specification requires a 5g rms
sinusoidal input to be imposed concurrently
with a 14g rms random noise input. Assuming
the transmissibility Q = 8.33, the predicted
sinusoidal and 1_ random noise responses
experienced during component qualification
testing are:
• Sinusoidal
X = 5g rms (1.414) (CI = 8.33) = 58.9g peak
• Random Noise (Spectral density
So = O.lOg2/cps)
X= V/_- fn SoQ = _/-_-(150)(0.10)(8.33)
= 14.0g peak
To be conservative, only the 1_ random noise
response was added directly to the sinusoidal
response and it was reasoned that the CCU
experienced at least 74g during component
level testing as compared to 25g during PTM
qualification testing.
c. EVALUATION OF CAMERA BRACKET AND
HAT SECTION RING STRESSES
Interpretation of the strain gage data compiled
during the PTM qualification test showed that
the maximum strains which proved critical for
x-axis excitation, were recorded by the rosette
located on the hat section ring. As expected,
this data indicated that the actual stress levels
were far below those calculated in the initial
stress analysis and, consequently, would yield
positive margins of safety.
d. VACUUM-VIBRATION AND NOISE TESTS
In order to give further assurance that all
modifications to spacecraft would result in
increased reliability, the PTM was subjected
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TABLE 78
PTM STRUCTURE RESPONSES FOR X-AXIS EXCITATION
Accelerometer
Locations
TV Subsystem Mounting Feet
Response
(g peak)
Frequency
(cps)
0.96 26
]. 44 26
1.40 26
High-Current Voltage Regulator 0.96 26
Deck 1 2.30 26
Transmitter 2.20 26
2.10 27
Telemetry Assembly 2.60 26
Deck 2 4.40 26
Telemetry Processor 3.30 26
Distribution Control Unit 3.20 26
Camera Electronics 8.00 26
Camera Electronics 10.00 26
12.50 26
Camera Ring 21.50 26
Camera Bracket 22.50 27
to a thrust-axis vibration-in-vacuum test and
to an acoustic test. The objective of the vacuum-
vibration test was to verify the operational
integrity of the PTM in an environment which
simulated a specified drop in pressure and
subjected the Subsystem to vibrational condi-
tions simultaneously. The PTM survived the
test satisfactorily.
The objective of the acoustic test was to deter-
mine if simulated environment would cause an
unscheduled triggering of the TV Subsystem, in
particular the TV cameras. The PTM passed
the test as determined by electrical and me-
chanical checks made after the exposure to
the simulated acoustic environment.
e. LATERAL-AXIS VIBRATION TEST
Retesting on the qualification level was con-
ducted on the PTM for lateral-axis excitations.
The retest was necessitated by the introduction
of a new telemetry unit, several failures of
bus components, undertesting at particular
frequencies, and to maintain more controlled
spacecraft-level conditions. The vibration
tests were completed and all Subsystem checks
indicated a satisfactorily performing space-
craft. An evaluation of the reduced data sub-
stantiated that the assembly acceptance tests
are more critical for the individual boxes than
the qualification tests when the units are
mounted to the spacecraft.
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TABLE 79
PTM STRUCTURE RESPONSES FOR Y-AXIS EXCITATION
Accelerometer
Locations
TV Subsystem Mounting Feet
Response
(g peak)
1.76
0.66
1.40
Deck 1 3.00
Transmitter 2.70
Telemetry Assembly 2.80
Frequency
(cps)
30.0
27.0
23.5
26.0
26.5
26.0
Deck 2 4.60 25.0
Telemetry Processor 4.00 27.0
Camera Electronics 7.00 25.5
Camera Electronics 8.00 25.5
8.00 27.0
Camera Ring 12.80 25.5
Camera Bracket 12.00 27.0
3. Acceptance Tests
Acceptance-level vibration tests were per-
formed for Flight Models III-1 through III-4
when integrated with the Ranger Bus. Detailed
information about these tests is contained in
Volume 4A of this Report. These tests dem-
onstrated that the structure was capable of
surviving vibrations equal to or greater than
those imparted by the Atlas-Agena vehicle
during launch and injection maneuvers. The
tests were performed in accordance with the
applicable test procedures. Modal surveys
conducted before and after the tests indicated
that the structures had survived. Visual in-
spections of the disassembled Subsystems
following each test further indicated that each
Subsystem had survived the tests. Following
the Ranger VIII and IX acceptance tests, it was
found that overtesting had occurred during the
low-frequency sinusoidal sweep in the thrust
direction and during the torsional pulse test.
It was subsequently concluded that no structural
degradation had occurred as a result of the
overtesting.
4. Summary of Test Program
The MTM, PTM and Flight Models of the TV
Subsystem were subjected to extensive testing
both at RCA and at JPL. At JPL, the Subsystem
was integrated with the Bus in order to prove
structural qualification and acceptance of the
entire spacecraft. During both phases of test-
ing, the Subsystem was subjected to high- and
low-frequency sinusoidal vibration and random
noise excitations along three mutually perpen-
dicular axes corresponding to the spacecraft's
pitch, roll and yaw axes. As the program
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TABLE 80
PTM STRUCTURE RESPONSES FOR Z-AXIS EXCITATION
Accelerometer
Locations
Response
(g peak)
Frequency
(cps)
TV Subsystem Mounting Foot 9.0 76
High-Current Voltage Regulator 9.4 76
Transmitter Power Supply 4.5 76
Telemetry Assembly 12.0 76
Telemetry Processor 10.0 77
Command Control Unit 11.2 76
Four-Port Hybrid Ring 12.4 76
Transmitter 12.4 76
Dummy Load 12.4 76
Power Amplifier (+x) 12.8 76
Power Amplifier (-x) 12.4 76
Camera Electronics 18.0 76
Electronic Clock 10.8 76
Camera Ring 12.8 76
Camera Bracket 12.0 76
TABLE 81
PTM STRUCTURE RESPONSES FOR TORSIONAL EXCITATION*
Accelerometer X-AXIS Y-AXIS
Locations (g peak) (g peak)
TV Subsystem Mounting Feet 4.20 O. 12
4.20 0.42
Deck 1 4.00 0.84
Deck 2 3.20 0.78
Deck 3 2.28 0.45
Deck 4 2.22 0.10
Camera Ring 0.27 0.13
*f = 61.5cps
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TABLE 82
PTM COMPONENT ACCELERATIONS FOR X-AXIS EXCITATION
Accelerometer Acceleration Frequency
Locations [g peak| (cps)
Camera Casting 22.5 27.0
Camera 23.5 26.5
High-Current Voltage Regulator 2.0 67.5
Camera Electronics 12.5 26.5
Transmitter Power Supply 4.2 75.0
2.1 27.0
&
75.0
Transmitter 7.2 26.5
Telemetry Processor 4.5 76.0
Battery 4.0 74.0
Command Control Unit 8.2 74.0
1.4 80.0
Telemetry Assembly 4.2 74.5
Distribution Control Unit 4.4 74.0
0.15 90.5
progressed, torsional excitation and vacuum-
vibration testing became part of the integrated
spacecraft test program. The acceptance pro-
cedure required modal tests to be conducted be-
fore and after the vibratory excitations. A small
electromagnetic shaker was located near the
top of the spacecraft to provide lateral modal
survey excitation for specific g-levels at the
first resonant frequency of the spacecraft.
Following each test sequence, it was estab-
lished that the resonant frequencies remained
constant within the specified tolerance. This
proved that no structural degradation had oc-
curred. Although minor structural failures
(such as loosened or lost fasteners) occurred
occasionally, the structural integrity of the
TV Subsystem was proved conclusively by the
test program.
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TABLE 83
PTM COMPONENT ACCELERATIONS FOR Y-AXIS EXCITATION
Accelerometer Acceleration Frequency
Locations (g peak] [cps]
Camera Casting 12.0 27.0
Camera 12.0 27.5
Camera Electronics 7.6 27.0
Transmitter Power Supply 3.0 56.0
Transmitter
Telemetry Processor
Command Control Unit
Telemetry Assembly
Electronic Clock
Distribution Control Unit
4.6 27.0
3.9 27. O
0.9 27.5
4.3 27.0
0.9 27.5
0.9 26.0
3.0 56.0
10.0 27.0
0.6 27.0
&
89.0
4.4 26.0
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TABLE 84
PTM COMPONENT ACCELERATIONS FOR Z-AXIS EXCITATION
Accelerometer Acceleration Frequency
Locations (g peak] (cps)
Camera Casting 12.0 76.0
Camera 15.2 76.0
Four-Port Hybrid Ring 12.4 76.0
High-Current Voltage Regulator 9.4 75.5
Camera Electronics 18.0 76.0
Transmitter Power Supply 4.5 76.0
Transmitter A14 12.6 76.0
Transmitter A19 12.4 76.0
Telemetry Processor 10.0 77.0
Command Control Unit 25.0 150.0
11.2 76.0
Telemetry Assembly 12.0 76.0
Electronic Clock 10.8 76.0
Distribution Control Unit 12.4 76.0
Dummy Load 12.4 76.0
Power Amplifier A20 13.0 76.0
Power Amplifier A15 12.4 76.0
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TABLE 85
PTM COMPONENT ACCELERATIONS FOR TORSIONAL EXCITATION
Accelerometer
Locations
Camera Casting
Camera
Acceleration
(g peak)
0.18
1.00
2.52
Frequency
(cps)
175.0
175.0
61.5
1.00 177.0
High-Current Voltage Regulator 3.68 61.5
Camera Electronics 3.50 61.5
0.90
4. O0
3.20
1.90
4.60
Command Control Unit
Electronic Clock
Distribution Control Unit
1.24
61.5
162.0
61.5
61.5
175.0
61.5
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Figure 253. Response of PTM Structure to X-axis Excitation
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Figure 255. Accelerometer Locations on Command Control Unit
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Section VII
Operational Support Equipment
A. INITIAL DESIGN
1. Requirements
As a requirement of the Ranger Contract, RCA
provided the operational support equipment
(OSE) necessary for TV Subsystem support and
for mission data recovery. Although many
modifications were made during the program,
the basic proposed configuration of the OSE
was brought into operational status. The modi-
fications incorporated were primarily due
to spacecraft changes, customer-directed
changes, and increased performance goals.
As requirements became firm and as a result
of Block III redirection, the final OSE con-
figuration provided for the following equip-
ments.
• Five checkout site equipment groups
located as follows:
Two sets atJPL, Pasadena, California;
One set at RCA, Princeton, N.J.; and
Two sets at ETR, Cape Kennedy, Fla.
. Two DSIF operational site equipment
groups located as follows:
One set at DSIF 12, Echo station;
One set at DSIF 11, Pioneer station.
$ One set of launch-complex checkout site
equipment located at Cape Kennedy, Fla.
The responsibility for the development, design,
fabrication, and test of the Ranger operational
support equipment was assigned as follows:
e Data display and recording equipment
was the responsibility of the Aerospace
Systems Division of RCA, Van Nuys,
California.
• The communications and telemetry equip-
ment was the responsibility of the Com-
munications System Division of RCA,
Camden, New Jersey.
$ The ground power and system test console
was the responsibility of the Astro-
Electronics Division of RCA, Princeton,
New Jersey.
e Operation and maintenance at all sites
was assigned to the RCA Service Com-
pany, Cherry Hill, New Jersey.
$ Overall system and equipment responsi-
bility and data analysis was directed by
the Astro-Electronics Division of RCA,
Princeton, New Jersey.
2. Equipment Functions
The Ranger operational support equipment was
required to perform the following functions:
$ Receive, detect, and provide on-line dis-
play of television data;
$ Receive, detect, and record telemetry
data;
• Provide archival storage by magnetic
tape recording of all data for future
processing; and
• Provide for ground-command simulation
and power for TV Subsystem testing.
To satisfy these requirements, the operational
support equipment was divided into the follow-
ing functional groups:
• Communications equipment group;
• TV record and display equipment group;
and
$ Checkout equipment group.
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The design of each functional group of equip-
ment was basically identical, and independent
of its use at an operational site, checkout site
or launch complex.
a. OPERATIONAL SUPPORT SITE FUNCTIONS
The operational support site at the Goldstone
Tracking Station was utilized for receiving and
recording the telemetry and video data trans-
mitted from the Ranger Spacecraft while in
flight. This OSE was interfaced with the JPL
85-foot antenna and front-end receiving equip-
ment consisting of a maser, parametric am-
plifier, and preamplifier. The RCA operational
support equipment received the signal from
the Ranger Spacecraft after its conversion to
an intermediate frequency of 30 Mc. Toassure
a high probability of mission success, certain
items of the DSIF equipment were redundant.
Figures 256 and 257 show the functional block
diagrams for the DSIF 12 and DSIF 11 equip-
ment configurations.
b. CHECKOUT SUPPORT SITE FUNCTIONS
The purpose of the checkout support sites was
to provide a means oftestingthe TVSubsystem
by itself, during spacecraft integration tests
and prior to launch. Simulation of the JPL Bus
commands and an external source of ground
power with a battery-charging capability were
also required. In addition, certain control and
monitoring functions were provided at the
blockhouse control center of the launch com-
plex checkout site.
3. Equipment Performance Analysis
The basic design of the communications equip-
ment of the OSE was based on a performance
analysis of the RCA and DSIF systems. A sum-
mary of the communications design param-
eters of the Ranger TV Subsystem, the Ranger
Bus, and the DSIF Tracking system is given
in Table 86. The values listed here varied dur-
ing the 3 years of the program, but never to
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Figure 256. Echo Site, Functional Block Diagram
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Figure 258. Ground Station Signal Levels
any great extent. The final analysis of the
RCA DSIF system showed a worst-case margin
of 4.87 db above the minimum allowable re-
ceived carrier-to-noise ratio of 12 db. Figure
258 shows the RCA and DSIF signal levels
within the ground communication system.
4. Modes of Operation
o. TERMINAL MODE
During the terminal mode of operation at the
DSIF configurations, a dual-channel, 960.054-1
Mc, FM signal is received by the Goldstone
antenna from either the spacecraft or the Test
Transmitter. This signal, containing composite
video and 225-kc telemetry, is amplified, and
converted to the first IF frequency in the 30-Mc
region by the antenna system. The signal is
then supplied to the RCA communications
equipment from the output of the Goldstone
30-Mc preamplifier. The RCA 30-Mc pream-
plifier, mounted on the antenna structure,
accepts and amplifies the signal, and applies it
through a coaxial cable to the Dual-Channel
Limiter Amplifier in the communications
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TABLE 86
SUMMARY OF COMPUTED PERFORMANCE ANALYSIS FOR RCA DSIF COMMUNICATIONS
Parameter Value
Transmitter power (60 watts)
Losses :
RCA circuit
JPL circuit Ranger VIII and IX
Spacecraft antenna Ranger VIII
17.8 db
3.5 db
1.7 db
Tolerance
±i.0 db
±0.4 db
+0.3 db
-0.4 db
and IX
Antenna pointing
Polarization
Path Loss
DSIF antenna
Receiving circuit
0.14 db
204.5 db
-45.7 db
0.53 db
±0.4 db
+0.1 db
-0.3 db
±0.1 db
±0.8 db
+0.23 db
-0.03 db
+2.33 db
Total losses 145.1 db
-2.43 db
Total power received +3.43 db
(input to maser) -127.3 db -3.33 db
System noise temperature
Noise bandwidth
Receiver noise power
131.5 ° K
800 ke
-148.4 dbw
Received carrier-to-noise ratio 21.1
Worst-case margin
(above FM threshold CNR of 12 db) 4.57
+21.0 ° K
-15.3 ° K
±100 kc
+1.2 dbw
-1.1 dbw
±4.53
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equipment cabinets, where the signal is sepa-
rated and applied through the two channels for
further processing. The limiter amplifier con-
tains the 30-Me to 5-Me converter and two,
5-Mc, IF-amplifier strips. The channel A IF
is centered at 4.47 Mc, and the channel B IF
is centered at 5.53 Me. The 4.47- and 5.53-
Mc signals are applied to the Channel A and B
IF amplifier strips. The output of each IF-
amplifier strip is applied to its respective
Detector Amplifier, Record IF Amplifier, and
Phase-Lock Detector. The signal applied to
each Detector Amplifier is amplified, limited,
deemphasized, and applied to a 225-kc dis-
criminator, and to a low-pass filter, where
it is available for "on-line" display of video
by the TV recording and display equipment.
The signal applied to each 225-kc discrimina-
tor is filtered to reject video information and
demodulated; the resulting telemetry data is
applied to the telemetry recording equipment.
The signal applied to each RecordIFAmplifier
is converted to a frequency of 0.5 Mc and de-
modulated; the resulting telemetry data is ap-
plied to the telemetry recording equipment.
The signal applied to each Record IF Amplifier
is converted to a frequency of 0.5 Mc and made
available to the TV record and display equip-
ment where the video and 225-kc telemetry in-
formation are recorded (predetection record-
ing} on magnetic tapes. The IF signal applied
to each Phase Lock Detector is utilized during
emergency-mode operation.
In the checkout site configuration (shown in
Figure 259}, the Goldstone antenna system (in-
cluding the RCA 30-Mc preamplifier} is re-
placed by an RCA 960-Mc RF Head which
converts 960-Mc signals to 30 Mc, andapplies
them to the Dual-Channel Limiter Amplifier.
Simulation of actual spacecraftterminal-mode
operation (system test} is accomplished by
utilizing a 960-Mc signal fromthe TestTrans-
mitter or, alternately, a 960-Mc signal from
the TV Subsystem.
b. EMERGENCY MODE
In the event of a reduction in carrier-to-noise
ratio during normal terminal-mode operation
(due to a failure in the spacecraft high-gain
antenna system}, the OSE provided an emer-
gency mode of operation so that telemetry data
could be received. In this mode, the spacecraft
960-Mc transmitters are directly modulated
by PAM information, which reduces the trans-
mission bandwidth requirement. This narrow
FM signal from the spacecraft (or Test Trans-
mitter, during system test} is received by
the Goldstone antenna system and treated
similarly to signals received during terminal-
mode operation. When the signal reaches the
output of the Dual-Channel Limiter Amplifier,
emergency-mode circuits become operative.
The narrow-band IF signal is applied to the
Phase Lock Detectors, which extract the te-
lemetry data and apply it to the telemetry
recording equipment. In the checkout site con-
figuration, a system test of emergency-mode
operation is obtained by applying a narrow-
band FM signal from the Test Transmitter to
the 960-Mc RF Head.
c. CRUISE MODE
During the cruise mode of operation of the
operational site equipment, a signal consisting
of mixed telemetry data (including the TV Sub-
systems Channel 8 telemetry} is applied tothe
Channel 8 Discriminator from the JPL
transponder.
The discriminator routes this data to the
telemetry recording equipment. During cruise-
mode operation of the checkout site equipment,
the Channel-8 signal applied to the Channel-8
Discriminator is obtained from the spacecraft
Channel-8 VCO. Self-test of both operational
and checkout-site equipment during cruise-
mode operation is accomplished by applying a
3-kc signal from the Telemetry Simulator to
the telemetry recording equipment.
5. Self-Test Features
Self-test features were incorporated in the op-
erational support equipment so that routine
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system performance tests could be easily and
quickly conducted. Self-test equipment, in
conjunction with the JPL transponder and the
recording and display equipment, provided a
means to check RF, video, and telemetry
performance. Additionally, simulated mission
tests were conducted by using a test tape which
was demodulated in the Tape Demodulator and
then used to modulate the Test Transmitter.
The self-test equipment consisted of a Test
Transmitter, Telemetry Simulator, and a Tape
Demodulator. These items are described in
subsequent paragraphs.
6. Communications Equipment
a. LOW-NOISE PREAMPLIFIER
The input to the Low-Noise Preamplifier is the
composite video and telemetry signals which
have been converted to 30 Mc by the Goldstone
antenna system. The Preamplifier, which is
mounted on the Goldstone antenna, amplifies
these signals and applies them through coaxial
cables to the Dual-Channel Limiter Amplifiers
in the communication equipment racks. A sum-
mary of the Preamplifier characteristics is
given in Table 87.
b. RF HEAD
The RF Head receives the 960-Mc signal from
the Test Transmitter or spacecraft and con-
verts these signals to 30 Mc. The unit employs
a crystal-controlled local oscillator having a
frequency stability of _0.001 percent. The
bandwidth through the RF Head exceeds 4 Me
at the 1-db point. A gain control permits ad-
justment of the noise level to -100 dbm at the
30-Mc output. The output of the RF Headis fed
to the Dual-Channel Limiter Amplifier. The
major characteristics of the RF Head are
summarized in Table 88.
c. DUAL-CHANNEL LIMITER AMPLIFIER
The Dual-Channel Limiter Amplifier consists
of a 30- to 5-Mc converter, two separation
TABLE 87
PREAMPLIFIER CHARACTERISTICS
Input impedance
Output impedance
Input signal levels
Noise figure
Center frequency
Bandwidth
Gain
Connector
Power requirements
Input voltage level
Output signal level
50 ohms
50 ohms
-100 to -26 dbm
4 db (max.)
30 Me
2 Me (1-db points)
12 db
Type N
117 volts AC, 60 cycle,
single phase
2.5pvto 12.5mv
llpv to 56 mv
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TABLE 88
RF HEAD CHARACTERISTICS
Local Oscillator
Crystal stability
Output frequency
RF Mixer
IF bandwidth
Overall RF Head
Gain
Bandwidth at 960 Mc
Measured noise figure
Noise output
Gain
Power requirement
Input impedance
Output impedance
0.001%
930. 050 Mc
2 Mc (-1-db points)
27 to 33 db at 960 Mc
2 Mc (-1-db points)
12 db at 960 Mc
-86 to -92 dbm
15 db
100 volt, 60 cycle
50 ohms
50 ohms
filters, and two independent IF limiter am-
plifiers. The 30-Mc converter translates the
input signals centered at 29.47 and 30.53 Mc
to output signals at frequencies of 4.47 and
5.53 Mc. The 25-Mc local oscillator in the
converter is crystal-controlled with a fre-
quency stability of ±0.01 percent. The limiter
amplifiers, employing four stages per channel,
set the noise bandwidth of the system, and
limit the amplitude of the output IF signals to
negate the effect of incidental amplitude mod-
ulation on the detectors. The noise bandwidth
for each channel is 800 _100 kc for signal
levels of 30 to 68 dbm.
The shape of the selectivity curve across the
passband is fiat within ±1 db at the edges.
Outputs of the Dual-Channel Limiter Amplifier
are fed to the dual-channel Record IF Ampli-
fier, the dual-channel Phase Lock Detector,
and the Detector Amplifiers.
In the checkout site configuration, the Dual-
Channel Limiter Amplifier receives inputs
from the Test Transmitter or the TV Subsystem
through the RF Head. In the operational site
equipment configuration (DSIF), the input sig-
nals are from the Ranger Spacecraft or the
Test Transmitter through the Goldstone an-
tenna system and the Low-Noise Preamplifier.
The characteristics of the Dual-Channel Lim-
iter Amplifier are given in Table 89.
d. DETECTOR AMPLIFIER
The Detector Amplifier further amplifies and
limits the input IF signals at frequencies of
either 4.47 or 5.53 Mc, detects the FM signal
in a wideband discriminator, and provides an
amplified video output. The output signal is
linear to within ±1 percent with input frequency
deviations of ±500 kc. The output DC amplifier
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TABLE 89
DUAL-CHANNEL LIMITER AMPLIFIER CHARACTERISTICS
Gain
Bandwidth (3 db points)
Input impedance
Output impedance
Input voltage (Full limiting)
Output voltage (Full limiting)
23db
1 Mc
75 ohms
75 ohms
0. 007 to 2. 000 volts rms
1 volt rms (nominal)
has a frequency response within 3 db from DC
to 360 kc when no deemphasis is used. The
output of the Detector Amplifier is applied to
the Film Recorder through a low-pass filter
and switching network on the control panel as
shown in Figure 259.
An input deviation switch permits selection of
operational modes for input frequency devia-
tion ranges of ±125 or _400 kc for constant
output voltage. The characteristics of the De-
tector Amplifier are given in Table 90.
e. RECORD IF AMPLIFIER
The dual-channel Record IF Amplifier con-
verts the Channel A and Channel B 5-Me
subcarriers to 0.5 Me. It consists of two AGC
preamplifiers, two record IF modules, and a
power supply incorporated into one chassis.
The AGC preamplifiers maintain a constant
signal strength of 100 millivolts rms +_dbin-
to the record IF modules for input signals rang-
ing from 35 millivolts to over 3 volts rms.
The record IF modules consist of a crystal
oscillator and a frequency converter. A 4-Me
crystal is employed in the oscillator to obtain
a frequency conversion from 4.5 to 0.5 Me for
Channel A. Similarly, in Channel B, a 6-Me
crystal is used to convert the 5.5-Mc signal
to 0.5 Me. The frequency converter is a bal-
anced diode demodulator. The outputs of the
Record IF Amplifier are sent to the tape re-
corders. Figure 260 shows a block diagram
of the unit. The functional characteristics
are given in Table 91.
f. PHASE-LOCK DETECTOR
The purpose of the dual-channel Phase-Lock
Detector is to receive emergency telemetry
data in the event that, due to misorientation of
the spacecraft antenna, the received signal
level drops below the threshold of the broad
_ CHANNEL A H CHANNELA /0"5 MC
4.5MC AGC RECORD IF _"POUTPUT TO
PREAMP MODULE / RECORDER
, 1
DUAL CHANNEL SUPPLY - PLD
LIMITER AMPLIFIER
1 J
._ CHANNEL B ___ CHANNEL B 10.5 MC
_'OUT PUT TO
5.5MC AGC RECORD iF JRECORDERPREAMP MODU E
Figure 260. Record IF Amplifier, Block Diagram
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TABLE 90
DETECTOR AMPLIFIER CHARACTERISTICS
Bandwidth (3 db points)
Input impedance
Output impedance
Input voltage (Full limiting)
Output voltage (Full limiting)
1.6 Mc
75 ohms
91 ohms
0. 177 to 3.51 volts rms
i volt rms (nominal}
IF channel. Each detector maintains a signal-
to-noise ratio exceeding 20 db for reductions
of 40 db below normal signal levels.
The effective noise bandwidth is held to approx-
imately 100 cps throughthe use of the detectors.
Since the signal frequency stability is not good
enough to permit automatic lock-on, lock-on
is accomplished manually; once the loop is
locked, no further attention is necessary
The outputs of the Phase-Lock Detectors are
fed to the Strip Chart Recorder through a DC
Coupling Preamplifier. Table 92 lists the
characteristics of the Phase-LockDetector.
g. TEST TRANSMITTER
The Test Transmitter provides a low-level RF
carrier in the 960-Mc region which is used to
test the signal receiving, processing, and dis-
play channels of the operational support equip-
ment. The carrier modulation consists of
either multiplexed video and terminal telem-
etry, or narrowband PAM/FM telemetry, as
selected. The transmitter output is fed into the
Goldstone antenna in the operational site
equipment configuration or to the RF Head in
the checkout site equipment configuration. The
dual-channel Test Transmitter used in the
checkout site equipment configuration consists
of two modulators, a X12 multiplier, a X4
multiplier, a power supply, two switching
relays, and the necessary filters and attenua-
tors to provide the required low-level output.
The block diagram of the unit is shown in
Figure 261. Video signals are fed into the
crystal-controlled Channel A and Channel B
modulators on a 0- to 187-kc baseband at a
2-volt, peak-to-peak level; telemetry signals
are fed in on a 225-kc subcarrier at a 1.5 volt
peak-to-peak level. The Channel A modulator
operates at a frequency of 19.990 Mc; the
Channel B modulator operates at a frequency
VIDEO
225-KC
EMERGENCY
"r/M
MODULATOR j
_ J COUPLING
I l CONNECTOR
MODULATOR t i
_l_ X 12 _ X4MULTI PLI ER MULTIPLIER
960-MC
TES1 OUTPUT
Figure 261. Test Transmitter, Block Diagram
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TABLE 91
RECORD IF AMPLIFIER CHARACTERISTICS
Gain
Input impedance
Output impedance
Input voltage (Min. operational)
Output voltage (Max.)
20db
50 ohms
91 ohms
0. 035 volts rms
1.5 volts p-p
TABLE 92
PHASE LOCK DETECTOR CHARACTERISTICS
Gain (Open Loop)
Gain (Closed Loop)
Bandwidth (Noise)
Input Impedance
Output Impedance (At Gain of 10)
Input Drift
Output Ripple
5000 at DC
0.1to50, Nom. 2.3
100 cps
Open Grid
10 Ohms
5 milUvolts/hour
Less than 5 millivolts rms
of 20.012 Mc. The output of either modulator
is fed through a coupling connector to the
X12 and X4 multiplier. The output of the
Test Transmitter is centered at 959.520 _0.002
Mc for Channel A and at 960.580±0.002 Mc for
Channel B. A switch on the front panel provides
for channel selection or for remote control.
In the REMOTE position, either channel or the
emergency telemetry mode may be selected
from the control panel.
The Test Transmitter for the operational site
equipment is similar to that used in the check-
out site equipment configuration and consists
of two separate transmitter channels operating
at frequencies of 960.58 *0.025 Mc and 959.52
±0.025 Mc. Remote control of bothtransmitter
channels is provided, and both channels may
be operated simultaneously.
h. CHANNEL-g DISCRIMINATOR
The Charmel-8 Discriminator separates the
multiplexed FM telemetry data from the 5-Mc
subcarrier. The Discriminator consists of a
frequency selector, a bandpass filter, am-
plifiers, gates, and a voltage-controlled oscil-
lator. The bandpass filter in the input circuit
provides a maximum frequency response at
3.0 kc. The amplifier in the output circuit
provides an output voltage of _10 volts DC with
a linearity of _0.1 percent to drive the telem-
etry Strip-Chart Recorder or telemetry analog-
to-digital recording system.
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Table 93 summarizes the characteristics of
the Channel-8 Discriminator.
i. STRIP-CHART RECORDER
The purpose of the telemetry Strip-Chart
Recorder in the checkout site equipment con-
figuration is to amplify and record: (1) the
telemetry data which has been demodulated by
the Channel-8 Discriminator, (2)the emer-
gency telemetry data from the Phase-Lock
Detector, or (3) the telemetry data from the
225-kc Discriminator. In the operational site
equipment configuration, the Strip Chart Re-
corder is used primarily to record emergency
telemetry data, but may also be usedto record
Channel-8 and 225-kc telemetry data.
The recorder consists of a DC-coupled pre-
amplifier, a driver amplifier and power supply,
and a single-channel recorder. The preampli-
fier is a push-pull DC amplifier with an
attenuator to allow adjustment of the signal to
be recorded. The driver amplifier consists of
a three-stage, push-pull, DC amplifier which
amplifies the signal from the preamplifier
and drives the recorder galvanometer. Table 94
lists the characteristics of the recorder.
j. ANALOG-TO-DIGITAL RECORDER SYSTEM
The telemetry Analog-to-Digital Recording
System (supplied at the Echo site only) is
composed of two complete sets of adcon
(analog to digital converter} equipment. Each
set contains a decommutator (adcon}, two com-
mercial power supplies, and a commercial
digital printer. The Recording System accepts
Channel-8 or 225-kc analog telemetry data, as
selected, at input levels between 0 (sync and
off time) and 2 volts DC (maximum data level
including pedestal).
The major functions of the adcon are encoding
and addressing. To perform these functions,
the adcon performs the following operations:
• Amplifies the incoming analog data levels
to the point where they are compatible
for comparison with an internally gen-
erated voltage (operational amplifica-
tion);
Compares the internally generated volt-
age to the incoming analog voltage,
storing the value of the analog voltage
in 1-2-3-4 digital form (encoding);
Detects the frame sync period of the
incoming analog data levels (sync
detection);
Counts the number of analog levels oc-
curring since the two-channel frame
sync period, assigning the next succes-
sive number of the incoming analog level
(addres sing);
Translates the digital code and the chan-
nel address to a form compatible with
the digital printer (data translation);
and
Program sets the preceding operations,
passing the data to the printer translation
matrix in the form of two, 2-digit deci-
mals (one group representing the data
level and the other representing the cor-
responding channel address) at the com-
pletion of programming (programming
and printout).
Encoding accuracy of the adcon is _5 percent
of the full-scale input voltage over the tem-
perature range of + 15 to 40 ° C. A printer output
of 99 represents full-scale input voltage of
+2 volts DC, while 00 represents an input of
+4.0 volts or less. The scale factor is 15
millivolts per digit.
The power supplies provide + 12 and -12 volts
DC which are further divided and regulated by
+ 5-, + 6-, and -6-volt regulators in the adcon.
The commercial digital printer (Model 400
C-T) is manufactured by the Computer Meas-
urement Co.
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TABLE 93
CHANNEL-8 DISCRIMINATOR CHARACTERISTICS
Operating frequency
Subcarrier frequency deviation
Intelligence frequency deviation
Input impedance
Input voltage range
Selectivity
Output linearity
Stability
Output impedance
Output voltage
Power Requirement
]:RIG Channel-8 subcarrier channel
± 50 cps
Flat within ±0.5 with compatible output filter
150 kilohms shunted by 20 pp f
0.05 to 5 volts rms.
50-db rejection of modulator present in adjacent
subcarrier channel
+0.1% from center frequency to full bandwidth
+0.5% of full bandwidth in a 4 hour period after
30 minute warm-up
30 ohms, nominal
• 10 volts at 10 ma
+36 volts DC at 55 ma
-36 volts DC at 85 ma
TABLE 94
STRIP-CHART RECORDER CHARACTERISTICS
Sensitivity
Signal range
Frequency range
Rise time
Calibration (internal)
Stability
Input impedance
Input signals
Paper speeds
50 mv/cm to 50 volts/cm
5 mv to 250 volts
0 to 100 cps
5 ms
100 mv ±1%
Less than 0.5 mm/hr drift
5 megohm each input terminal
to ground
Push-pull or single-ended
5, 10, 25, 50 and 100 mm/sec
323
k. TELEMETRY SIMULATOR
The Telemetry Simulator generates signals
similar to those received by the RF equipment
during the operational modes. These signals
are used to test and exercise the telemetry
portions of the operational support equipment.
The telemetry signals from the spacecraft are
samplings from two commutators rotating at
different speeds. Cruise-mode (Charmel-8)
telemetry data is sampled from a 15-point
commutator at a rate of one point per second;
terminal mode telemetry data is sampled from
a 90-point commutator at a rate of three
points per second. To simulate this data, the
Telemetry Simulator employs two multivibra-
tor clocks. Either clock may be selected to
provide a 1-cps output to the Channel-8 VCO
for simulated Charmel-8 telemetry data or a
3-cps output to the 225-kc VCO for simulated
225-kc telemetry data. The clocks operate at
twice the required frequencies; a counter re-
duces the clock output to the required rates.
The outputs of the counters are fed through
appropriate multiplexer stages and gates to
output circuits. The 3-cps signal modulates a
225-kc VCO whose output is amplified and
made available for testing of the 225-kc telem-
etry equipment. The 1-cps signal modulates
the Channel 8 VCO whose output is available
for testing the Channel-8 Discriminator. A
block diagram of the Telemetry Simulator is
shown in Figure 262.
I. TAPE DEMODULATOR
The Tape Demodulator converts the recorded
0.5-Mc video subcarrier (Channel A and Chan-
nel B I to an output video signal between 0 and
-1.0 volt with an approximately fiat response
from DC to 180 kc. The demodulator con-
sists of an FM limiter section, an FM
demodulator section, and a power supply. A
block diagram of the unit is shown in
Figure 263.
The FM limiter section receives the video in-
put signal and applies it to an amplifier and a
balanced, emitter-coupled phase inverter. The
two outputs, 180 degrees out of phase, are
clipped in a diode clipping stage, and applied
through two identical emitter-followers into a
push-pull amplifier, which provides a balanced
output.
A second group, consisting of a clipper,
emitter-followers, and a push-pull amplifier
circuit provides additional signal limiting. The
output of the second push-pull amplifier is
RE WAVE GENERATOR
._ I CPS L
MULTIPLEXERF L.j
,!-t H
3CPS U
VIULTIRLEXER F
/
SIMULATED
i CRUISE MODE
TELEMETRY
i IC 'NNELSI, lOANS
DISCRIMINATOR
'UTI I
IITS _]
TRANSMITTERSELECT SIMULATED
SWITCH I TERMINAL MODE _ TO 225- KC
j TELEMETRY DISCRIMINATOR
Figure 262. Telemetry Simulator, Block Diagram
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Figure 263. Tape Demodulator, Block Diagram
clipped by two diodes connected in series to
provide a higher output voltage. A series
amplifier sums the push-pull output to provide
a single-ended signal, which is fed through an
emitter-follower to the FMdemodulator
section.
The FM demodulator section is comprised of
a delayed channel, a nondelayed channel, a
balanced diode demodulator, a deemphasis
network, a constant "K" filter, and two,
three-stage direct-coupled amplifiers. In the
delayed channel, the signal passes through a
common-emitter driver amplifier, a 0.5-
microsecond delay line, a common-emitter
voltage amplifier, and into a phase splitter.
The two delayed signals, from the phase
splitter, 180 degrees out of phase, are fed
into a pair of emitter-followers which feed
opposite ends of the diode demodulator. The
nondelayed channel consists of the same cir-
cuit elements as the delayed channel without
the delay line. The signals from this channel
are applied to the other opposite ends of the
diode demodulator. Balance controls provide
for balancing of the DC level between the
delayed and nondelayed channels. The amount
of delay selected gives a linear discriminator
characteristic between 0.3 and 0.7 Mc.
The output of the diode demodulator is applied
through a deemphasis network and into a low-
pass filter. This output also appears atthe jack
so that the telemetry data may be recovered
for processing ff required. The filter following
the diode demodulator removes both the car-
rier and the telemetry data. The output of the
filter, the video signal, is applied to the output
amplifier, consisting of two, three-stage am-
plifiers. The amplifier following the filter is
composed of a two-transistor, direct-coupled
voltage amplifier followed by a common-
collector driver. The output of the collector-
driver is fed into a gain potentiometer, which
is followed by another amplifier and driver.
A NORMAL-INVERT switch is provided onthe
front panel. In the INVERT position, this
switch energizes a relay which inverts the
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position of the delayed signals fed to the
diode.
The powersupplyfor the TapeDemodulator
consists of one modular, 20-watt regulated
supply,andtwo35-voltmodularsupplieswhich
are connectedin series to provide 70 volts.
A relay circuit is usedto connectheloadto
the70-volt supplyonlyafter thesupplyvoltage
has reachedapproximately50volts. Table 95
lists thefunctionalcharacteristicsof theTape
Demodulator.
TABLE 95
TAPE DEMODULATOR CHARACTERISTICS
Bandwidth
Input impedance
Output impedance
Input signal (500 ± 200 kc)
Output signal
400 kc
91 ohms
91 ohms
i volt p-p Nominal
1 volt p-p Nominal
7. TV Record and Display Equipment Operation
The function of the TV record and display
equipment was to record, on magnetic tape
and photographic film, the television data
transmitted from the Ranger Spacecraft. In the
operational site configuration (DSIF 12), the
equipment consisted of two Film Recorders,
two Tape Recorders, a Power Distribution
Unit, a Monitor and Control Unit, and a Sync
and Video Simulator Unit. In the DSIF 11 and
checkout site configurations only one Tape
Recorder and one Film Recorder were sup-
plied. The block diagram for the TV record
and display equipment is shown in Figure 264.
The equipment is illustrated in Figure 265.
a. EQUIPMENT DESCRIPTION
(1) Monitor and Control Unit
The Monitor and Control unit contains a moni-
tor and control panel, camera patch panel,
monitor oscilloscope (one in the checkout site
configurations, two in the operational site
configurations), two monitor patch panels, a
channel S-F* sync separator chassis, a chan-
nel F sync separator and tone separator
chassis, two sync-and-tone-decoder module
nests, and a communications panel.
This unit provides the control facilities from
which the equipment is operated. The monitor
and control panel contains switches, indicators,
counters, and a clock. The switches permit
selection of operating commands for the Sub-
system during test or operate modes. The
indicators provide monitoring information of
Subsystem status and operating conditions.
The counters indicate the Film Recorder
camera operation by counting the frame ex-
posures. The eight day, 24-hour clock displays
Greenwich Mean Time. The monitor oscillo-
scopes (Tektronix Type RM561) monitor the
video signals applied to the kinescope display
circuits. The channel S-F sync chassis and
the channel F sync-tone decoder chassis
separate and develop the signal required to
produce the picture presentation and select
the proper colored-filter lamp indicator at the
Film Recorder. The sync-and-tone-decoder
nests contain the modules which provide the
sync-and-tone-decoder logic required by the
Film Recorder.
(2) Film Recorder
The Film Recorder consists of a 35-mmcam-
era, a Polaroid-Land camera, a high-voltage
power supply, camera control circuits, a
kinescope, kinescope control circuits, and a
deflection amplifier. The primary purpose
of this unit is to provide film records
of the pictures transmitted from the TV
Subsystem cameras. The 35-mm camera
photographs the image produced on the face
of the kinescope and a data box consisting of a
24-hour clock, frame counter, filter notation,
and write-in block. The Polaroid camera
*S is slow, full-scan video
F is fast, partial-scan video
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provides a means of monitoring the display 
operation of the Film Recorder by furnishing 
a fast-development print of the kinescope 
display. Each Polaroid picture also contains 
a data-block display consisting of a frame 
counter, filter notation, and write-in block. 
The kinescope electronics, deflection ampli- 
fier, high voltage power supply, and camera 
control components provide the necessary 
voltages for the kinescope and for control of 
the 35-mm camera. 
(3) Sync and Video Simulator 
The Sync and Video Simulator Unit contains 
the test-pattern control, timing generator, 
and video generator circuits. These circuits 
produce the functions necessary to perform 
comprehensive tests of the TV recording and 
display equipment and to determine its opera- 
bility. The test-pattern control panel enables 
selection of the various test signals which 
the simulator is capable of generating. The 
timing generator produces all the timing 
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waveforms required to operate the video gen- 
erators. The video generators develop com- 
posite video signals which produce test patterns 
to d e t e r m i n e  kinescope o p e r a t i n g  pa- 
rameters. 
The output patterns obtainable from the Sync 
and Video Simulator are as follows: 
Horizontal bars ; 
Ve,rtical bars; 
Grating pattern; 
10-step gray scale; 
Resolution pattern; and 
Composite pattern. 
Figures 266 and 267 illustrate the full- and 
partial-scan composite displays. 
(4) Tape Recorder 
The Mincom Tape Recorder is supplied in two 
checkout site configurations. The Ampex Tape 
Figure 266. Simulated Full Scan Display 
32 9 
Figure 267. Simulated Partial Scan Display 
Recorder, Figure268, is supplied in the re- 
maining configurations. Both tape recorders 
are  four-channel, wideband, magnetic-tape from the communications equipment. 
systems which record and play back the com- 
posite video and telemetry signals received 
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Figure 268. Ampex Tape Recorder 
~~ 
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(5) Power Distribution Unit 
The Power Distribution Unit, consists of a 
control panel, a blower, and nine individual 
DC power supplies. This unit provides control 
of the AC and DC voltage requirements of the 
TV recording and display equipment. 
A blower located at the bottom of the cabinet 
provides ventilation to maintain safe operating 
temperature for the power supplies. 
b. EQUIPMENT DESIGN SUMMARY 
The display equipment was designed to operate 
for special slow-scan television rates which 
result from m i  s s i o n and bandwidth con- 
straints. These rates precluded the use of any 
standard TV equipment; however, techniques 
developed by commercial television were em- 
ployed. The communications equipment pro- 
vided a one-volt video signal to the TV record- 
ing and display equipment. The full-scan cam- 
e ra s  operated at a line rate of 450 cps while 
the partial-scan cameras operated at a 1500- 
cps line rate. In addition, information relating 
to designated functional operations of the 
spacecraft was transmitted in the form of a 
tone code combined with the video signal. 
Figure 269 illustrates the composite video 
signal. The design of the display equipment was 
based upon the timing characteristics of this 
signal. These characteristics are  described 
in the following paragraphs, 
(1) Full-Scan Camera Timing 
All timing of the TV Subsystem cameras was 
based on two crystal- controlled oscillators 
in the TV Subsystem, one for each channel, 
Both oscillators operated at  a frequency of 
18 kc "4 cps w,hich, through appropriate count- 
down techniques, provided the following full- 
scan sync parameters (Figure 270): 
0 A vertical scan plus blanking period of 
256 seconds (equal to 1152 horizontal 
scans, including blanking period) ; 
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Figure 269. Composite Video Signal
FRAME PERIOD
256 SEC
1152H s
1131H s
VERTICAL BLANKING
F46.6MS
21Hs i:
HORIZONTAL A. VERTICAL SYNC
SERRATIONS
h k H.=2.22MS
--4 4-- I IT VERTICAL BLANKING -= hs=0'22 MS
. HORIZONTAL SYNC AND DETAILS OF HORIZONTAL
SERRATIONS IN VERTICAL SYNC.
Figure 270. F-Camera Composite Sync Timing
• A vertical blanking period of 46.6 milli-
seconds or 21 horizontal lines.
• A horizontal scan plus blanking period
of 2.22 milliseconds (line rate of 450 cps).
• A horizontal blanking period of 0.22
millisecond.
• Tone information contained after the
leading edge of vertical sync.
• Horizontal serrations during the vertical
blanking period.
(2) Partial-Scan Camera Timing
The following sync parameters were provided
for the partial-scan camera timing (see
Figure 271) :
• A group vertical scan plus blanking
period (camera Pl through P4) of 0.84
second;
• A vertical scan plus blanking period of
each individual frame of 0.2 second (equal
to 300 horizontal scan lines);
• A vertical blanking period for each
camera frame of 6.6 milliseconds (equal
to ten horizontal scan lines);
J A horizontal scan plus blanking period
was 666.6 micro.qeconds (equal to a line
rate of 1500 cps;
• A horizontal blanking period of 111.1
microseconds.
GROUP FRAME PERIOD _1
0.84 SEC -i
1,260 H F I
FRAMEI I FRAME 2 FRAME 3 ] FRAME4_
4-0.2 SEC-II_tq-0.2 SEC4 11-0.2 SEC-I_HI- 0.2 SEC-I_
500H F | 300 HF 300 HF] 500 HF/
1
BLANKING 46.6 MS
70 H F A. VERTICAL SYNC
7o.F " ,OHF.GRP VERTICAL_I-- VERTICAL
BLANKING -- BLANKING
HF=0.666 MS-HORIZONTAL LINE PERIOD
hf =OIII MS-HORIZONTAL SYNC
B HORIZONTAL SYNC AND DETAILS OF HORIZONTAL
SERRATIONS IN GROUP AND INDIVIDUAL VERTICAL SYNC
Figure 271. P-Camera Composite Sync Timing
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(3) Video Signal Processing
After being received by the TV recording and
display equipment, the composite video signal
is routed to the video distribution and switch-
ing section of the equipment, where it is dis-
tributed to the monitor oscilloscope, the sync
separator and processor, and the time sepa-
rator and decoders. The monitor oscilloscope
displays the video signals for use by the
monitor-and-control panel operator. In the
sync separator and processor equipment, the
composite video signals are sliced by a differ-
ential amplifier and clipped to extract the sync
blacker-than-black pulses. These sync pulses
are coupled through integrating and clipping
circuits to provide vertical drive and reset
signals. The sync pulses are also shaped by a
threshold-biased Schmitt trigger circuit and
coupled through a monostable multivibrator to
a phase detector. The output of the phase
detector controls the oscillator whichproduces
the horizontal drive pulses. The sync proces-
sor receives the vertical drive, counter reset,
and horizontal drive pulses and produces pulses
for film-recorder frame pulldown. The hori-
zontal drive pulses are processed through
gating, timing, and counting circuits to produce
the horizontal and vertical drive, unblanking,
and the horizontal and vertical offset pulses
for the Film Recorder.
In the original design, certain tones were
transmitted with the video to designate various
spacecraft functions. These tones were (1)
tone A at 144 kc, (2)tone B at 162kc, and
(3) tone C at 180 kc. The tone code is given in
Table 96.
With the exception of tone A, all tones were
subsequently deleted during the split-system
redesign. Tone A was subsequently used to
designate Camera B frames in the camera
data bock and to perform the switching for the
monitor oscilloscope display.
The tones are separated from the composite
video and fed to tone strippers. Each tone
stripper consists of three decoders which are
TABLE 96
TONE CODE IDENTIFICATION
Description Code
Red Filter
Green Filter
Blue Filter
Neutral Filter
Camera B Frame
Fast Frame Group
Camera A-B to
Camera 1-2-3-4
Switchover
A
B
C
B+C
A+C
A+ B+ C
A+B+C
identical except for the frequency of the input
filter. In the decoder, each tone is amplified,
detected, integrated, and applied to the Schmitt
trigger circuit. These outputs are applied
to the appropriate indicators and switching
circuits.
The sweep generators, deflection amplifiers,
and yoke drives process the horizontal and
vertical drives to produce the scanning raster
on the kinescope screen. The horizontal drive,
vertical drive, and control signals are received
as -4.5-volt pulse trains which are gated by
the logic circuitry in the Film Recorder and
sent to the sweep generators.
The sweep generator has two sets of circuits,
one for horizontal sweep and the other for
vertical sweep; the circuits differ only in
timing and component values. The gated drive
pulses are applied to integrating circuits
which consist of an integrating network, a
chopper-stabilized DC amplifier, and a cathode
follower. The square pulses are integrated,
amplified, and sent to summing amplifiers as
negative-going sawtooth pulses. The DC am-
plifiers are chopper-stabilized to compensate
for any long-term drift. The summing or
deflection amplifiers are unity-gain amplifiers
which invert the sawtooth pulses and relocate
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the DC reference level. The horizontal and
vertical offset levels are appliedto thesum-
ming amplifier to position the trace on the
kinescopescreen.Thepositlve-goingsawtooth
pulses are appliedto the grids of the yoke
driver. The yokedrivers are push-pulloper-
ated, current amplifiers that drive the
deflection-yokewindingonthe kinescope.Spe-
cial kinescopeprotectioncircuitsareemployed
to protect the CRT in casehorizontalsweep
is lost.
Thekinescopeis aWestinghousetype4877Pll
high-resolutlonCRT. This tube is capableof
a 0.002-inchspotsizeandproducesresolution
capabilityin excessof 1200TV lines. A 20-kv
ultor voltageis employedwith a 7-kv focus
potential. Linearity is held to 1 percentor
less of picture heightor width. Figure 272
depicts the display arrangement,the frame
orientation, andthe sweepdirections for the
35-mmandPolaroidfilms.
8. Checkout Equipment Operation
The Checkout Equipment supplied at RCA,JPL
and ETR provided control, monitoring and
external power during system testing of the
TV Subsystem. The equipment consisted of:
• System Test Console;
. Ground Power Supply Equipment;
• Power Control Relay Assembly;
• Video Amplifier Assembly; and
• Monitor and Control Equipment (Used at
ETR only}.
Figures 273 and 274 are block diagrams of
the Checkout Equipment as used in testing the
TV Subsystem alone or when mated with the
JPL Bus. The following sections describe the
Checkout Equipment as originally designed.
a. SYSTEMTESTCONSOLE
The purpose of the System Test Console,
shown in Figure 275, was to provide control of
the Subsystem during system integration tests.
The console performed the following major
functions:
• Command signal control via the JPL bus
interface;
• Command signal control via the RCA test
interface;
• Control of camera video monitoring prior
to modulation and transmission via the
Video Amplifier Assembly; and
• TV Subsystem switching from operation
on internal batteries to operation on
external power by means of the Power
Control Relay Assembly.
The console was provided with controls which
simulated signals from the Central Computer
and Sequencer (CC&S) and Real Time Com-
mands. Simulation was accomplished by feeding
DC levels and pulses through the RCA/JPL
interface. The console was also provided with
the capability to turn off the Subsystem. Power
for console operation was supplied by the
Ground Power Supply Equipment. The initial
configuration of the console control panel,
illustrated in Figure 276, contained separate
groups of pushbutton controls for the Bus and
test interface (mated and unmated TV Sub-
system}. The Bus interface portion of the
control panel contained seven illuminated push-
buttons that generated the following commands:
@ RTC-7 Simulate command;
@ System Turn-off command; and
• CC&S commands.
Use of the RTC-7 Simulate switch controlled
the TV Subsystem by sending a 150-millisecond
contact closure to the Command Unit stepper
switch. This sequence of mode selection was
as follows;
• Step 1 _ Warm-Up;
• Step 2 -- Emergency ON;
• Step 3 -- Emergency OFF; and
• Step 4 _ Zero (Full Power, cameras on
after warm-up).
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FULL-SCAN VIDEO (SLOW) PARTIAL-SCAN VIDEO (FAST) 
- 
35MM FILM 
CLOCK 
FRAME 
COUNTER 
AMERA B 
DATA SLATE 
BOARD 
A 
0 ml CAMERA 
8 
0 0 
- - 
POLAROID 
NOTES. 
0 0 
0 0 
I 5/8  in. -1 
POLAROID 
I. Hs = HORIZONTAL SWEEP DIRECTION 
2 Vs VERTICAL SWEEP DIRECTION 
3. LIGHT INDICATORS ARE NOT USED DURING PARTIAL-SCAN VIDEO OPERATION, 
4. PARTIAL SCAN FRAME NO 2 REFERS TO SIMULATED SIGNALS ONLY; THE 
DURING FULL-SCAN OPERATION, ONLY THE CAMERA 8 INDICATOR IS USED 
SPACECRAFT READOUT REVERSES THE 2-3 POSITIONS 
Figure 272. Film Recordings 
Control of Subsystem turnoff was provided by: 
(1) the Channel F/Channel P switch; (2) the 
Full Power/Reduced Power switch; and (3) 
Turn Off F/Turn Off P switch. 
Separate pushbutton switches were provided 
to simulate the cruise mode, warm-up and 
ful l  power commands. 
The test interface portion of the control panel 
contained switches to allow the selection of 
video and operating modes, and indicators 
to indicate command switch positions. The 
four sequencer controls allowed selection of 
any operating mode (XMTR power, switch 
over, sync disable or reset) without waitingfor 
the current mode to be terminated. The three 
Test Video Select switches provided selection 
of either partial-scan video, full-scan video, or 
both partial- and full-scan video. Indication of 
command switch position was provided by the 
ZERO, WARM-UP, EMERGENCY, and E MER- 
GENCY OFF indicators. 
The upper section of the control panel con- 
tained the elapsed-time meter, power switch, 
fuses and timer controls. The timer was pro- 
vided for timing critical functions during inte- 
gration tests. The console also contained the 
turn-off power supply, which, when actuated 
by the turn-off command, provided a pulse to 
the Subsystem. 
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Figure 274. Checkout Equipment Configuration for 
Spacecraft Test 
b. GROUND POWER SUPPLY EQUIPMENT 
The primary function of the Ground Power 
Supply Equipment was to provide the external 
power to the TV Subsystem during checkout 
and system integration tests. The equipment 
was mounted in twin cabinets as shown in Figure 
277 and comprised the following units: 
0 Power Control Assembly; 
0 External Power Supply; 
Figure 275. System lest Console 
0 Battery Monitor Panel; 
0 Charge Control and Temperature Alarm 
0 Power Supply (Control); 
0 Dummy Load and Heater Control As-  
0 Constant Current Battery Charger. 
Assembly ; 
sembly; and 
(1) Power Control Assembly 
The power control assembly provided control 
and protection of the primary power input, 
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Figure 276. Console Control Panel 
selection of battery o r  external power for 
operation of the TV Subsystem, indication of 
elapsed bamry-charging time, and protection 
circuits for the elapsed-time meter and blower. 
A 30-ampere magnetic circuit breaker pro- 
tected the primary power input circuits; fuses 
protected the elapsed-time meter and blower 
circuitry. Switch-indicator subassemblies 
provided selection of power for the TV Sub- 
system. A counter indicated elapsed battery 
charging time. 
(2) External Power Supply 
The external power supply provided DC oper- 
ating voltages for the TV Subsystem during 
system testing. A common power supply was 
used for both camera channels. The input 
voltage to these supplies was 117 volts AC 
(nominal) at 60 cps. The output voltage was 
adjustable from 0 to 36 volts DC with a maxi- 
mum load rating of 31 amperes. The output 
was regulated to maintain any output voltage 
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each meter set off a visual and audible alarm 
if the temperature reached a preset level 
(normally 40 degrees C). A buzzer disable 
feature was provided to permit silencing either 
buzzer, if activated. 
(5) Control Power'Supply 
The control power supply furnished 28-volts 
DC for control relays, thermistor tempera- 
ture-indicating circuits, and indicator lamps, 
In addition, this voltage was supplied to the 
System Test Console for control functions. 
(6) Dummy-load and Heater-Control Assembly 
The Dummy Load and Heater-Control Assem- 
bly provided a 2.l3-ohm7 1000-watt power re- 
sistor which was used as a dummy load for a 
new or  recently charged Subsystem battery, 
Figure 277. Ground Power Supply Equipment The connection of the dummy load to the 
battery was made by means of a relay controlled 
selected to within &20 millivolts when sub- by a switch-indicator assembly located on the 
jected to a maximum load condition and/or front panel. In addition to the dummy load, this 
input variations from 105 to 125 volts AC. The assembly provided a means of controlling the 
ripple voltage did not exceed 1-millivolt rms, Subsystem battery heaters. 
and output noise pulses did not exceed 50 
millivolts peak. (7) Constant-Current Battery Charger 
(3) Battery Monitor Panel 
The battery monitor panel contained a volt- 
meter, an ammeter, and necessary switching 
controls to display any cell or terminal voltage 
of either TV Subsystem battery or  the terminal 
voltage of the external power supply. 
The battery charger was a constant current 
device with an output adjustable from 0.1 to 
10 amperes. The charger was designed to be 
operated manually or automatically, In the 
automatic cycling mode, the charger is turned 
off and on at  preset levels. 
c. POWER CONTROL RELAY ASSEMBLY 
(4) Charge Control and Temperature Alarm Panel 
Charge control was provided by a variable 
timer and a timer bypass switch, These con- 
trols functioned to connect and disconnect the 
voltage sensor of the battery charger from the 
battery terminals. The temperature alarms 
consisted of two meters, one for each battery, 
which indicated temperature in degrees centi- 
grade. An adjustable upper-scale contact on 
The Power Control Relay Assembly contained 
relay c i r c u i  t s to switch the TV Subsystem 
from internal batteries to an external power 
source or  vice-versa, as required during Sub- 
system operation. The assembly was portable 
and was located adjacent to the Subsystem 
during system tests. Switching control was 
provided by the power control assembly in the 
Ground Power Supply Equipment. 
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d. MONITOR AND CONTROL EQUIPMENT
The Monitor and Control Equipment was In-
stalled in the blockhouse and the launch pad
shelter at the Eastern Test Range. A block
diagram of the installation is shown in Figure
278. This equipment provided monitoring fa-
cilities and charging power for the TV Subsys-
tem batteries during the prelaunch period. In
addition, controls were provided to command
the Subsystem for system operation.
The blockhouse control panel provided battery
control and monitoring, and TV Subsystem
Control. The panel contained two 50-volt, DC
voltmeters to monitor battery terminal volt-
age. Three switches were supplied for battery
control functions. The Battery sensor select
switch connected the output from battery A or
B to the charger sensor. The Battery charger
"on-off" switch appliea pmmary power to the
battery charger located at the launch pad
shelter. To permit additional"top-off" charge
of the batteries, the sensor level disconnect
switch provided for disconnect of the sensor
leads from the combination of the battery and
the battery charger.
The panel also contained three switches for
control of the TV Subsystem. The RTC-7
I
BLOCKHOUSE
I
I
RTC -'7 SIMULATE
I
MONITOR RETURN I 4
D-C RETURN I
4m
i I
i, I
TV SUBSYSTEM ON INDICATOR
I
SENSOR COMMON
I
I
SENSOR NEGATIVE
I
MONITOR BATTERY A
I
I
_LOCKHOUSE
PANEL
I
MONITOR BATTERY B
I
REDUCED POWER TURN-OFF
I
28-VDC RETURN
I
28-VDC
I
CHARGER POWER ON
I
FULL POWER TURN-OFF
|
I
I
LAUNCH PAD SHELTER
I
TV SUBSYSTEM
I ON LAUNCH PAD
I
RCA SHELTER
EQUIPMENT
REDUCED
I
CHARGER NEGATIVE
L
I
SYSTEM TURN-OFF
D
I
I
MONITOR BATTERY A
I
I
MONITOR BATTERY B
RANGER
TV
SUBSYSTEM
Figure 278. Monitor and Control Equipment, Block Diagram
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simulate switch was used for turn-on of the
Subsystem. The reduced power turn-off switch
was used to turn off the silicon rectifiers in
the Subsystem during reduced power opera-
tion. The full-power turn-off switch provided
for turn-off of the Subsystem under full-load
conditions.
The launch pad shelter equipment comprised
a battery charger (for the charging of the TV
Subsystem batteries) and a system turn-off
power supply.
B. MODIFICATIONS AND REDESIGN
1. Communications Equipment
There were three main areas in which exten-
sive modifications or redesigns were under-
taken after the equipment had been delivered
to the field. These included the bandpass sync
separator; the tape demodulator; and the main
IF limiters.
a. BANDPASS SYNC SEPARATOR MODIFICATION
The purpose of this modification was to extend
the region of reliable sync operation down to
a 10-db video S/N picture. Since this occurs
well below FM threshold (i.e., at approxi-
mately 0 db C/N), a large amountofnoise was
present in the detected video. In the original
sync system, these impulses caused false sync
pulses and resulted in the tearing of a signifi-
cant number of lines, although the sync per-
formance above this threshold was well within
specification. The main problem with using
the postdetection sync signal was the fact
that the original system had placed the serra-
tions during vertical such that transition from
black-to-tip of sync was always separated by
the line period. This necessitated that the
signal be differentiated for horizontal sync.
For high S/N, this differentiation process did
not introduce any extra pulses which exceeded
threshold level. However, below threshold
there were a significant number of pulses due
to noise which exceeded the threshold level.
Since a redesign of the flight circuitry was not
permitted to eliminate the serration problem,
other methods of obtaining sync from the ex-
isting format were investigated. The method
selected avoided the FM thresholdby obtaining
the sync signal in the bandpass domain. The fol-
lowing paragraphs describe the operation of
this method of sync selection.
A block diagram of a single channel of the
bandpass sync separator (BPSS) is shown in
Figure 279. The output of the main IF limiter
is applied to switch S3A. This switch selects
the signal from either receiver 1 or receiver
2. The signal level is approximately 1-volt
(P-Pl and has been filtered prior to being
limited to an 800-kc bandwidth. Below ap-
proximately 10 db C/N in this bandwidth, the
carrier is suppressed by the limiter due to
the noise. The composite signal selected by
switch S3A is applied through the on-line play-
back switch S5A to a second bandpass filter
and limiter. The bandwidth of this filter is
approximately 200 kc, which is wide enough to
encompass all the sync-frequency uncertainty
in the system. The amount of limiting incor-
porated is very small (approximately 3 db)
and is used only to delay the effects of carrier
suppression slightly. The signal is then con-
verted to a 455-kc IF by the mixer, passed
through a 50-kc bandpass filter, amplified,
and detected by an envelope detector. The
bandpass sync separator also contains a logic
section which permits an automatic search and
acquisition of the sync signal. Before sync
pulses have been acquired, the VCO is swept
in frequency over a 200-kc range. The saw-
tooth generator provides a ramp signal through
the AFC "OR" Gate to control the VCO sweep.
The sweep is started at the IF band-edge and
sweeps toward center. This ensures that the
first signal acquired after starting a search
sweep is the sync. However, when the space-
craft transmitter is initially turned on, there
is no means of determining whether the sync
or some other signal (such as black level} will
be acquired first. Therefore, after the first
acquisition, the sweep immediately flies back
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and begins a second search. The firstacquisi-
tion on the second sweep is sync. Logic is
provided which opens a window (equal to the
sweep time) during which this second acquisi-
tion must take place. After the second acqui-
sition, the AFC "OR" gate is switched from
the sawtooth signal to the discriminator output.
If the signal is lost for more than 10 seconds,
search is automatically restarted. There is
also provision for manually restarting search.
The nominal time for a single sweep is 0.1
second. In addition to controlling the search
function, the signal detector (which is fed the
detected sync pulses from the shaper) also
controls an "in lock/0ut lock" indicator on
the front panel. This indicator has no time
constant and indicates the presence or absence
of sync pulses. Another front panel indicator
is used to indicate that the system is actually
searching.
During tape playback, the bandpass sync sepa-
rator functions as described above. However,
because the signal from the tape is at 500 kc
instead of 5 Mc, this signal is converted back
to 5 Mc by the playback mixer and crystal-
controlled local oscillator.
The receiver selector switch (S3B)selects
the tape recorder channel which is sent to the
Tape Demodulator. The output of the limiter
in the Tape Demodulator is returned to the
bandpass sync separator.
b. TAPE DEMODULATOR MODIFICATION
The Tape Demodulator was a pulse-counting
type of frequency discriminator which operated
at a center frequency of 500 kc. The incoming
frequency was doubled so that the carrier fre-
quency at the output of the demodulator was 1
Mc. A low-pass filter was used to separatethe
video signal from the carrier signal and a DC
amplifier provided control of the output level
and impedance matching. While a pulse-
counting discriminator is perfectly linear from
a theoretical standpoint, the original design had
circuit difficulties which caused appreciable
nonlinearity. Operation of a pulse-counting
discriminator is as follows.
At a fixed point on the incoming carrier, a
pulse is generated. For example, at each
positive-going zero crossing, a pulse which is
one-half of the period of the center frequency
is generated. Figure 280 illustrates this case
as well as the case where the incoming signal
is fc +hf and fc-Af- The low frequency (DC)
component of the demodulated wave form
changes as the incoming frequency is changed.
Passing this demodulated waveform through a
low-pass filter will remove the high-frequency
components of the demodulated signal and the
original modulation is recovered. This mech-
anism is linear with frequency up to the point
where fl, = 1/2"/" , at which point there is a
fold-over.
To realize this perfect linearity over a wide
frequency range, the demodulated pulse must
have infinite rise time and the pulsewidth T
must remain constant. In the original tape
demodulator, the pulse width was maintained
constant by using a delay line, but the rise
time was poor due primarily to the frequency
INCOMINGSIGNAL
DEMODULATEO_
SIGNAL .,.I WIDTH I,_
T
(A) INCOMING FREQUENCY AT fc
INCOMINGSIGNAL
(B) INCOMING FREQUENCY AT fc + At
' rr G J I i I
OEMOOOLATEOIz-r- _.i I----I
SIGNAL ..,._J I
(C) INCOMING FREQUENCY AT fc - Af
Figure 280. Tape Demodulator Waveforms
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response of the transistors and diodes used.
The original concept was one of summing the
incoming signal and a delayed incoming signal
in an analog manner as shown in Figure 281.
= FDELAY I_
i t L'NE I I >: ._,,_OEMODULAT_-O
|L_ SIGNAL
Figure 281. Original Demodulation Concept
In the modified Tape Demodulator, essentially
the same concept was used except that the
delayed signal was reshaped to restore the
rise time, and triggers were derived from the
original and delayed signals to control a high-
speed flip-flop. The summing was performed
in a digital rather than in an analog fashion.
c. MAIN IF LIMITER MODIFICATIONS
While the original receivers were all within
specification, there was a disturbing lack of
consistency and repeatability between the
various OSE installations. The main areas of
inconsistency were: {1) S/N versus C/N; {2)
rate response as function of signal level, and
(3) output amplitude stability versus signal
level.
The cause of all these problems was due to
the performance of the limiters. In some
receivers, the output amplitude varied ap-
proximately 3 db as the input amplitude varied
30 db. Also, the amount of amplitude modula-
tion present at the limiter output was a function
of the modulation frequency. When the limiter
characteristics were improved to eliminate
these problems, it was found that S/N vs C/N
approached the theoretical curve withthreshold
occurring at a 10-db C/N. The change involved
was relatively simple.
Originally a combination of grid-plate limiting
was used. This limiting took place in the last
four IF stages. The two important character-
istics of this technique were the grid time
constant, and its effect on tube bias. For good
limiting, the grid time constant must be long
compared to the highest modulation compo-
nents, but short with respect to the carrier
frequency. If this criterion is met, then the
tube bias will not be affected by amplitude
modulation. This modulation is due to FM-to-
AM conversion which normally takes place
when an FM signal is passed through a filter
with a nonlinear phase characteristics. The
long time constant {with respect to the carrier
frequency) will cause the gain of the limiter
stage to vary with signal level. If a sufficient
number of stages are always in limiting, then
the signal level into the last stage should
remain fairly constant with the result that
bias and gain will remain almost constant.
However, because the gain of a stage is de-
pendent upon the bias developed in the grid
circuit, there will always be some gain change
with signal level for this type of limiter. With
the development of solid-state components,
simple diode limiters could be used with the
IF stages operating as fixed-gain class-A
stages. One problem with solid-state diodes
(or transistors) is that their capacity is a
function of voltage. This property is useful in
varactor multipliers, but can cause anAM-to-
PM conversion in receivers andthus introduce
distortion. However, the total amount of dis-
tortion introduced will be small if the capacity
variation of the diode is small compared to the
fixed circuit capacitance.
The diodes used in the Ranger receivers were
high-frequency computer diodes (type 1N916)
which have a capacity of only 2 plat zero volts.
The total fixed circuit capacity (including tube
and wiring) is 30 to 40 pf; thus, the diode
capacity variation with voltage does not have a
significant tuning effect. Figure 282 shows the
schematic of the modified and unmodified
limiter stages. Two 1N916 diodes were in-
stalled back-to-back across the control grid,
and the RC time constant in the control grid
circuit was eliminated. Because of the diode
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Figure 282. Main IF Limiter Modifications
capacity, the fixed capacitor in the grid-tuned
circuit was reduced from 33 to 30 pf. A 120-
ohm fixed resistor was introduced in the
cathode circuit to provide the necessary bias
level. A 0.01-#f capacitor was added to
retain the cathode circuit at AC ground poten-
tial and thus prevent degeneration that would
be caused by leaving the 120-ohm resistor
unbypassed. With the diodes i n s t a 11 e d, the
peak-to-peak signal level on the grid of the
tube was limited to approximately 2 volts.
With a stage gain of 20 db, the plate signal
was approximately 20 volts peak-to-peak. The
overall receiver gain was sufficient to provide
approximately 60 db of limiting on noise.
2. TV Record and Display Equipment
a. HORIZONTAL SYNC DETECTION AND PROCESSING
CIRCUITRY MODIFICATIONS
Following field installation and participation
in the spacecraft testing program, the TV
record and display equipment was found to
require certain modifications and redesign.
Of particular importance were the changes
in the horizontal sync detection and processing
circuitry. Improvements to this circuitry were
made continuously during the program dura-
tion. The problems and solutions are given in
the following paragraphs.
The sync detection method employed in the
original design of the equipment consisted of
a clipper amplifier and Schmitt trigger circuit
to strip and regenerate sync from the composite
video. The reconstituted composite sync pulse
was applied to a one-shot multivibrator oper-
ating from the negative-going or leading edge
of the horizontal sync pulses. The output of
the multivibrator synchronized a free-running
multivibrator in the synchro-lock circuit. The
output of the free-running multivibrator was
then applied to the horizontal drive and switch-
ing circuitry.
This method of sync detection exhibited the
following limitations when utilized in con-
junction with the Ranger TV Subsystem.
• Inadequate noise immunity. Although the
display equipment could achieve its
design parameter of operation at 30 db
S(p-p)/N (rms), it proved overly sensitive
to impulse-type noise at high S/N ratios
and totally unusable at S/N ratios lower
than receiver threshold.
• Leading-edge time instability. This effect
is shown in Figure 283a, an example of
the Ranger composite video. To be noted
here are (1) the absence of a back porch
and (2) the horizontal serrations within
the vertical sync time.
Figure 283b illustrates a worst-case condition
of leading-edge time instability. Limiting the
maximum rise or fall time of the signal is the
discrete 200-kc bandwidth and the preemphasis
clipping action illustrated in Figure 283c.
Since there is no constant video level at which
a given line may end, the conditions of Figure
283b may be encountered with a sharp black-
to-white transition at the end of a horizontal
line.
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In alleviating the problems encountered with
the original sync system, three main features
were incorporated into the Ranger OSE:
• Predetection sync (bandpass sync sep-
arator);
• Trailing-edge sync timing; and
• Driven sync options.
A logic diagram of the final configuration of
the P-Channel sync processing system for the
Ranger display equipment is illustrated in
Figure 284; the full-scan channel is identical
in theory and is consequently omitted. The
theory of operation for the P-Channel sync
processing system (including the trailing-
edge, noise protection, and driven sync
features) is given in the following paragraphs.
(1) Theory of Operation
The composite video signal (0.9 volt, p-p)is
received by the display equipment and read
into a series of impedance-matching distribu-
tion amplifiers. One amplifier output is fed to
the sync separator, where the signal is clipped,
reconstituted, and amplified to logic voltages.
At this point the composite sync pulse train
is routed to the vertical and horizontal proc-
essing circuitry. The following discussion de-
tails the horizontal sync processing only.
Following the sync reconstruction, the signal
is processed to achieve positive-edge line-
time coincidence going into and during the
vertical sync time. As the system was de-
signed for leading-edge (negative-going) tran-
sitions, the serrations during the vertical
period maintain line time between negative
transitions; however, the positive transitions
are not in coincidence with horizontal line
time during vertical sync. As shown, the
composite sync pulse is applied to A4808 OS1,
A4814 OS2, and A4810 G7. During video read
time A4807 G1 is disabled by the fast vertical
drive (VDF) while VDF enables A4810 G7.
During the vertical sync time the output of
A4808 OS1 is gated through A4807 G1. The
output of A4807 G2 consists of a train of
horizontal sync pulses from logic 0 to logic 1
as shown by the waveform. With the gating as
shown, A4814 OS2 substitutes a leading-edge
inRiated pulse during the transition time from
vertical read to sync time. The delayed leading
edge of the VDF signal prevents the first
horizontal serration (positive transition from
A4808 OS1) from being seen; A4814 OS2 pro-
vides this pulse by going positive 120 micro-
seconds after the last negative excursion.
This substitution prevents excessive pull-in
during the initial receipt of frame data.
The initial negative-going transition at the
output of A4807 G3 (inverted Signal) triggers
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A4808 OS2 which, upon termination triggers
A4808 OS3, A4814 OS3, and A4812 OS3. The
delay combination of A4808 OS2 and A4814 OS3
is adjustedto coinclde withthe nominalleading-
edge time of the following pulse. This transi-
tion is used to trigger the bridge drive OS
and, in turn, lock the oscillator at the hori-
zontal line rate.
Signals from A4808 OS2 and A4808 OS3 are
gated through A4801 G6 and used for gating
control at A4807 G3. The total delay of the
two OS's is adjusted to exceed the following
leading edge by approximately 15 microsec-
onds. Thus, after the initial pulse, A4807 G3
is disabled by the OS combination; out-of-time
pulses (noise, etc.) are gated out during
horizontal read time.
The A4812 OS1 output is gated out during
normal operation; in the "P Disable" mode,
A4811 G2 is enabled and the control input to
A4807 G3 then reflects the longer line time.
In this mode, the signal path is gated through
A4811 G4 from A4811 G2, A4811 G3 and G1
being disabled by the "P-Scan" mode switch.
In conjunction with the "P-Disable" mode of
operation, the circuitry through OS gating at
A4622 G3 and G6, reduces the sync pulse width
for proper video level clamping. The specific
horizontal frequency and sync pulse width for
the "P-Disable" mode is checked for a specific
spacecraft and adjustments made from re-
corded signals. It should be noted that when in
the P-Disable mode, normal "driven" syne is
used. The characteristics of the free-running
Pl waveform (no serrations) make frame pull-
in unacceptable when operating off a synchro-
lock system.
With high S/N ratio video, the best off-line
pictures are obtained by using a driven syne
system. In this configuration the tape recorder
jitter is the only time-instability displayed
on the video trailing edge.
The "oscillator" mode switch provides the
control to A4811 G1 and G3. In the normal
mode, G3 is disabled and the oscillator and
PLD output is gated through G1 to the drive
and blanking circuits. In the "oscillator by-
pass" mode, A4811 G1 is disabled and the
output of A4812 OS2 is gated through A4811
G3 directly to the drive circuitry. In all
operational modes, trailing-edge timing and
noise protection circuitry is maintained in the
signal path.
The installation of the predetection sync de-
tection in the OSE dictated a change in loop
gain of the synchro-lock system in the display
equipment as well as a compensation for a
45-microsecond delay of the bandpass sync
separator output. No modification of the display
equipment was necessary to install the PLD
in series with the existing synchro-lock. Pro-
cedurally, the timing functions in the sync
processing equipment were adjusted to handle
the 45 microseconds as a normal function.
Switching was provided to control A4608 K3;
the 45-microsecond delay was added by A4711
OS1 to all signals other than the BPSS output.
The final configuration of the sync processing
equipment provided various modes of opera-
tion in order to optimize results under varied
conditions. The logic previously described
details the following configurations:
• BPSS -- Normal Mode (Synehro-lock and
PLD);
• BPSS -- Driven Sync;
• Amplitude detected syne- Normal Mode;
• Amplitude detected sync -- Driven Sync;
• P-Disable -- Driven; and
• P-Disable -- Normal Mode.
Although the frame pull-in was highly objec-
tionable, the P-Disable normal mode was re-
tained in the event that P-Disable would be
received at a low S/N. In this case, the
synchro-lock multivibrator is manually tuned
to achieve lock with the incoming signal.
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b. OTHER MODIFICATIONS
In a continuing effort to improve system
performance and increase reliability, various
modifications were incorporated during the
program duration. A partial list is given in
Table 97.
3. Checkout Equipment
a. SPLIT-SYSTEM MODIFICATIONS
The introduction of the split-system configura-
tion resulted in significant modifications to
the checkout equipment. These modifications
are described in Table 98.
TABLE 97
MODIFICATIONS TO TV RECORD AND DISPLAY EQUIPMENT
Unit
Sync and Video Simulator Unit
Monitor and Control Unit
Sync Separator
Control Panel
Logic Nest
Film Recorder
Modifications
Tone identification changed to reflect revised
system configuration.
Vertical integration time constant optimized;
Crosstalk between channels minimized by wire
rerouting and zener diode additions;
Synehro-lock time constants optimized.
Switching logic changes to reflect spacecraft
configuration;
P-Channel Video and oscillator mode sw_ches
added.
Trailing edge, P-Disable, and driven sync
circuit additions;
Addition of checkout P-Channel amplifiers to
equalize video on switchover of S-F channel;
PLD board addition.
Sweep directions changed for spacecraft com-
patibility;
Component changes to improve DC response;
Independent high-voltage switching added to
reduce operation time on power supply;
Modifications to high-voltage power supply to
increase reliability and versatility.
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TABLE 98
SPLIT-SYSTEM MODIFICATIONS TO CHECKOUT EQUIPMENT
Unit Modifications
System Test Console
(Refer to Figure 285)
Power Control Relay
Launch Pad Shelter Panel
Blockhouse Control Panel
Clock simulate switch added for F- and P-
Channels of Subsystem.
New turn-off logic added for independent turn-off
F- and P-Channels;
Facility added for resetting F- and P-Channels
to major event modes in a flight sequence; i.e.,
cruise, warm-up, or full power.
Four special harnesses designed for each power
control relay to facilitate battery charging and
external power supply operation.
Relay added to panel to independently turn off
F- and P-Channels.
Switch added for control of added relay in Launch
Pad Shelter Panel;
Cruise mode select switch added.
BUS INTERFACE
r_ CC 81 S SIMULATE _t
TEST INTERFACE
I,_-._RESET_I r_CLOCK_] I---SYNC'--I
_ CLOCK CLOCKSTART RESET _
r_ COMMAND SWITCH POSITION _1
VIDEO SELECT _ i,m CLOCK SIMULATE---t
Figure 285. Modified System Test Console Control Panel (Split-System)
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b. POST-RANGER Vl MODIFICATIONS
A series of modifications were made to the
System Test Console and Blockhouse Control
Panel in order to make these units compatible
with the redesigned command and control
circuitry of post-Ranger VI Spacecraft. These
modifications are given in TaMe 99.
As a result of the problems encountered
during the integration testing of the PTM, the
Ground Power Supply Equipment had to be
modified. Undesirable on-off control inter-
action between the channels resulted from the
use of a common power supply and power
cable for both the F- and P-channels of the
TV Subsystem. Specifically, ff one channel
was in the "on" condition and the other chan-
nel was turned "on" later, the resulting
additional load was sufficient to cause a voltage
drop in the Subsystem such that the SCR of
the first channel that was "on" would cut off,
thereby turning off the channel. To resolve
this problem, a second power supply, separate
power cables, and a modified Power Control
Relay were required. This completely separate
power-supply system (for each channel) closely
simulated the flight configuration and thereby
eliminated the channel interference.
c. POST-RANGER Vll MODIFICATIONS
As a result of the experience gained during
the OSE integration test for the Ranger VII
mission, several modifications were made to
the System Test Console, Ground Power Supply
Equipment, and the Blockhouse Control Panel.
These modifications are listed in Table 100.
4. Request for Drawing Changes
The modifications to the Ranger operational
support equipment were documented in either
of two methods. Changes to units fabricated
at RCA were handled by ECN. Changes to
units supplied by other divisions were docu-
mented by request for drawing change (RDC).
These were converted by the cognizant en-
gineering groups to ECN's modifying the
master drawings. Table 101 is a chronological
listing of the RDC' s issued for the Ranger OSE.
TABLE 99
POST-RANGER VI MODIFICATIONS TO CHECKOUT EQUIPMENT
Unit Modifications
System Test Console
(Refer to Figure 286)
Blockhouse Control Panel
(Refer to Figure 287)
Command functions interlocked with power
on-off control to prevent inadvertent Subsystem
turn-on;
Separate RTC-7 turn-on command provided;
RTC-5 turn-on command provided;
Cruise test on-off control provided.
Cruise test on-off control provided;
Alarm circuit added to detect 0.1 volt (or
greater) battery voltage drop.
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Figure 287. Modified Blockhouse Control Panel
C. FINAL OSE CONFIGURATION AND PER-
FORMANCE ANALYSIS
• T/M Data: 15- and 90-point recorded
data.
1. Design Summary
The operational support equipment interfaced
with the DSIF receiver at the output of the
30-Mc isolation amplifier located on the 85-
foot antenna. Beyond this point, the OSE
communication equipment was fully redundant
(on line) to the video output to the display
equipment. Figure 289 illustrates the OSE
installation at the Echo site; the blockdiagram
of the Echo site communications equipment
configuration is shown in Figure 290. The
communication equipment provided four pri-
mary outputs to the record and display equip-
ment. These were:
• Video: F & P baseband signals (DC to
200 kc);
• Predetection IF: composite video and 225
kc centered at 500 kc (25 to 975 kc);
• Sync: F & P composite detected sync
(DC to 200 kc);
In each receiver, the composite spectrum
(shown in Figure 291a) was converted from a
center frequency of 30 Mc to a center fre-
quency of 5 Mc. At this point the F-and
P-channels were separated andthe JPL beacon
was rejected by low- and high-pass filters.
Each channel was processed separately by an
IF amplifier, limiter, and discriminator. Each
limiter also supplied an output to a Record IF
Converter and the Bandpass Sync Separator.
The composite baseband signal (shown in Fig-
ure 291b) from the discriminator was sent
through a 200-kc low-pass filter to the display
equipment and through a 225-kc bandpass
filter to a T/M Discriminator.
The Record IF Converter converted the 5-Mc
signal (4.47 Mc for channel F and 5.53 Mc
for channel P) to a 500-kc signal which was
recorded on the tape recorder. On playback,
the video signal was demodulated from the
500-kc IF signal and passed to the display
equipment through the same low-pass filter
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TABLE 100
POST-RANGER VII MODIFICATIONS TO CHECKOUT EQUIPMENT
Unit Modifications
System Test Console
Ground Power Supply
Equipment
Power Monitor Panel
Blockhouse Control Panel
Markings finalized on indicators and switches;
Elapsed time meter replaced with electric
clock;
Timer replaced with one-hour stop clock having
start, stop, and reset capabilities.
Receptacle added to back panel for second
power supply;
Receptacle added to backpanel to receive
jumper cable 23W16, (routes battery monitor
voltages from System Test Console);
Height of blank panel reduced, power supply
lowered, and pull-out work shelf added.
Dummy-load current meter removed from
Power Monitor Panel and relocated in the blank
panel.
Interface provided to apply external battery
backup power for the Power Control Relay if
prime (115 volt) power should fail;
Power-Monitor Panel modified in accordance
with Figure 288.
Test points provided on panel front to monitor
battery voltage and cruise on-cruise off com-
mand voltage levels which appear at the out-
put connector;
Ammeters added in series with cruise on-cruise
off commands, simulated load added for test
purposes, and lamp test button added.
as the on-line signal. The 225-kc T/M signal
was also recovered and sent to the T/M
Discriminators
The Bandpass Sync Separator used the 5-Mc
limiter output during on-line operation or the
500-kc limiter output from the Tape Demodu-
lator during off-line operation. These signals
were converted so that the sync carrier fre-
quency occurred at 455 kc. This signal was
passed through a 50-kc bandpass filter to an
envelope detector and to a discriminator. The
354
VOLUME 3 SECTION VI1 
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Figure 288. Modified Power Monitor Panel 
Figure 289. OSE Installation at Echo Site 
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TABLE 101
RDC's ISSUED FOR OSE
RDC No. Purpose
1, 2
5, 6
10
11
12, 13
14
15
16
17
18
19
20
Increase time constant of vertical integrator of F-
Channel and S-F sync separator.
Prevent clipping of tones upon conversion to a two-
tone system for P-Cameras and switchover.
Modify simulated video (fast) to include two-tone
system.
Reduce sensitivity of synchro-lock circuit of F-
Channel and S-F sync separator.
Improve telemetry printout.
Increase voltage input to phase-lock detector.
Provide limited output at receiver threshold for
emergency T/M.
Reverse direction of vertical sweep in the yoke
driver.
Improve readout of emergency T/M.
Modify to single-tone system (144 kc on Fb-Camera ).
Provide specified rate response of modulator.
Increase bandwidth of phase-lock module.
Provide adjustable voltage from phase-lock detector
to recorder.
Remove double termination from Tape Demodulator.
Remove tones from partial-scan simulated video.
Increase wattage rating of Tape Demodulator resistors.
Remove 115V AC line from ground in T/M Simulator.
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TABLE 101
RDC's ISSUED FOR OSE (Continued)
RDC No. Purpose
21
22A
23
24
25
26
27
28
29
29A
30
31
32
33
33A
Prevent low frequencies from entering Tape Demod-
ulator.
Remove gate input to switch over decoder.
Provide automatic switchover when system is switched
to "fast" video in Subsystem.
Provide fully limited signal to Record IF Amplifier
chassis at threshold and below, from Detector Ampli-
fier (superseded RDC 9).
Match output impedance of cathode follower of Detector
Amplifier to Record IF Amplifier Input.
Eliminate cross-channel interference between slow
and fast sync.
Provide separate power supply and DC return buses
for slow and fast sections of S-F syne separator.
Eliminate 00 print when value is 20 or 40 when value
is 60 in Adeon.
Acquire free-run video.
Provide wider tuning range for free video RA-7.
Modify inverter amplifier to drive existing logic
circuitry for trailing edge synchronization (S-F sync
separator).
Same as RDC 30, (Monitor and Control Unit logic
nest).
Same as RDC 30 (S-F syne separator).
Initiate sweeps on trailing edge of video sync pulses,
(logic nest).
Modify RDC 33 for checkout only.
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TABLE 101
RDC's ISSUED FOR OSE (Continued)
RDC No. Purpose
34
35
36
37
38
39, 39A
4O
40A
41
42, 42A
43
44
45
46
Use trailing edge of syne pulses to initiate horizontal
sweep circuits.
Same as RDC 30 (F-Channel syne and tone separator).
Provide finer adjustment of DC level (inverter-amp).
Improve stability of DC Amplifier, power supply
regulators and reduction in plate dissipation in
GL6WGB.
Reset bias value of V16B to 2 volts and prevent Zener
shunt regulator from over-dissipating with tubes re-
moved in Detector Amplifier.
Provide additional protection and improved DC
response of DC restorer.
Reduce operating time of CRT and HVPS (Video Ampli-
fier and Kine Control).
Correct RDC 40.
Increase tone amplitude to 100 mv p-p to compensate
for rolloff in LPF.
Increase free run oscillator tuning range to sync RA-7
free run video.
Reduce operating time of CRT and HVPS (camera con-
trol and yoke driver).
Reduce ripple of Detector Amplifier power supply.
Provide for installation of Bandpass syne separator
at DSIF Monitor and Control Unit.
Same as RDC 46 except monitor and control panel
affected.
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TABLE 101
RDC's ISSUED FOR OSE (Continued)
RDC No. Purpose
47
48
49
5O
51
52
53
54
55, 55A
56, 56A
57, 57A
58, 58A
59, 59A
60
61
Provide additional protection against high voltage
transients.
Protect against arcing between terminals of focus
control (camera control and yoke driver).
Eliminate cross-talk between channels in sync
separators by addition of 10,000 ufd filter
capacitors.
Same as RDS 49 (interconnection diagram of
Monitor and Control Unit).
Improve synchro-lock response to trailing edge
sync acquisition (F-Channel sync separator).
Same as RDS 51 except S-F sync separator Modifica-
tion of RDC 5.
Monitor HVPS operating time.
Isolate Channel S-F slow sync separator from RF noise
during system test fast operation.
Provide required predetection bandwidth for
Channel-8 Discriminator.
Provide proper impedance match to Channel-8
input filter.
Improve receiver performance at and below
threshold.
Provide higher B+ and more gain in limiter amplifier.
Improve receiver performance at and below threshold.
Simulate spacecraft video which has limited rise times
and clipping networks.
Protect G2 of CRT from high voltage.
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TABLE 101
RDC's ISSUED FOR OSE (Continued)
RDC No. Purpose
62, 62A
63
64
65, 65A,
65B
66
67
68
69
7O
71
72
73
74, 74A
75
Provide for tape playback through the Record IF
Amplifier.
Prevent DSIF switch closure from turning on 35-mm
cameras.
Provide independently adjustable level and gain control
of partial scan video.
Provide a zero volt level for simulated telemetry.
Provide trailing edge synchronization.
Provide trailing edge synchronization for fast section
of S-F channel.
Provide for inverter amplifier to drive existing logic
circuitry for trailing edge sync (DSIF).
Prevent change of video in Sync and Video Simulator
Unit when manual switchover button is pushed (DSIF).
Provide proper terminations for Bandpass Sync
Separator and distribution amplifier (DSIF) Control
Panel.
Same as RDS 70, except F-Channel sync separator/
tone separator (DSIF).
Same as RDS 70 (DSIF, Control Panel).
Provide fast sync of BPSS to fast channel of S/F sync
separator (DSIF).
Increase reliability by removing unused components.
Install additional PLD Board and provide compatible
delay networks for operation with BPSS. (DSIF, logic
nest).
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TABLE 101
RDC's ISSUED FOR OSE (Continued)
RDC No. Purpose
76
77
78
79
8O
81
82
83
84
85
86, 86A,
86B
87
Same as RDC 75.
Same as RDC 75.
Utilize same low-pass filter on line and playback
(Control Panel).
Same as RDC 78 (DSIF Echo only).
Improve linearity and stability, provide for driving of low
pass filter, make gain and level controls independent
(Tape Demodulator).
Prevent changing of delay time and the resultant non-
linearity, provide proper bias to prevent crossover
distortion, provide frequency response in deemphasis
(Tape Demodulator).
Provide an accurate clamping level for nonstandard
signal strengths (logic nest, slow).
Same as RDC 82 (Fast).
Prevent excess loading on A4622 gate (logic nest).
Provide more effective display of test data on 35-mm
film (Film Recorder data box).
Provide DC clamp of sync voltage and compensate for
transmitter frequency drift during warm-up. (Channel
S-F sync separator, Checkout Sites Only).
Increase stability of horizontal sync by eliminating
possibility of front-edge sync. Improve operation of
P1 free run by eliminating oscillator. Improve noise
and extraneous pulse characteristics of both horizontal
and vertical sync circuits, and provide oscillator by-
pass capability in normal P Camera operation (Check-
out Sites and JPL OSE 6).
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TABLE 101
RDC's ISSUED FOR OSE (Continued)
RDC No. Purpose
88
89
9O
91
92
93
94
95
96
97
98
99
100
i01
102
103
Improve monitoring and control of the HVPS of Film
Recorder.
Provide for Channel 8 and channel A and B T/M to be
set at same DC level and gain. (Checkout site only)
225-kc discriminator.
Provide positive support to the CRT against the face-
plate (Film recorder). Some checkout.
Provide for BPSS inputs (JPL OSE 6).
Installation of BPSS in JPL OSE 6.
Same as RDC 92.
Provide proper terminations for BPSS and distribution
amplifiers (monitor control panel, JPL OSE 6).
Same as RDC 94 F-Channel sync separator/tone separator).
Provide proper terminations for BPSS (Monitor Control
Panel) JPL/OSE 6.
Provide proper terminations and switching logic for
operation with BPSS (JPL/OSE 6).
Provide for installation of additional PLD board and
compatible delay networks for BPSS (JPL/OSE 6).
S_me as RDC 98 (JPL/OSE 6).
Same as RDC 98 (JPL/OSE 6).
Provide noise protection for Adcon printer (DSIF).
Provide protection of CRT at DC turn-off (Monitor
Control Panel).
Same as RDC 102 (Camera Control and Yoke Driver).
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TABLE 101
RDC's ISSUED FOR OSE (Continued)
RDC No. Purpose
104
105
105A
106
Provide compatible oscillator bypass and P-disable
modes in slow channel (DSIF-Echo).
Same as RDC 104 - Fast Channel (DSIF-Echo).
Provide separate gating for serrations and sync
protection to allow separate adjustments (logic nest,
DSIF-Echo).
Remove vertical component from -16.5V and +12V
power supplies to horizontal oscillator of the fast
sync separator (F-Channel sync separator/tone
separator).
NOTE: RDC's not identified apply to all OSE locations.
_,=,30 Kc _ _ _,= ,30Kc z_
- r I .-."I SANDS _= .'.
, -+I"++°. li+t"-++.<++'iIll ;I-++°'<+-'+I r-+'+_
fc-IO00 KC fc-530 KC fc fC*530 KC fc÷lO00 KC
F-CHANNEL P-CHANNEL
A. COMPOSITE RF SPECTRUM
VIDEO 225 KC T/M
"_ /_f = 5 KC
\,.I..,
KC I00 KC 150 KC 200 KC
fc = 960.05 MC; 30 MC; 5 MC
fp: 960.58 MC; 30.53 MC_ 5.53 MC
fF = 959.52 MC ; 29.47 MC', 4.47 MC
B. COMPOSITE BASEBAND SPECTRUM
Figure 291. Composite Signal Spectra
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output of the envelope detector was the com-
posite (vertical and horizontal) sync signal,
which was shaped and sent to the display
equipment. The output of the discriminator was
used for AFC purposes tokeepthe sync carrier
centered in the 455-kc bandpass. In addition,
the Bandpass Sync Separator contained logic
circuitry which permitted it to search for and
acquire the sync carrier over a 200-kc
range.
The T/M Discriminators recovered both the
terminal telemetry whichwas on a 225-kc sub-
carrier and the cruise telemetry which was on
a 3-kc (Channel-8) subcarrier. One 225-kc
discriminator was used for each receiver base-
band output (total of 4). The discriminators
separated the 225-kc subcarrier from the
video, provided limiting, and demodulated the
data. The baseband output which was either 15-
point (F-Channel) or 90-point (P-Channel)was
sent through two analog-to-digital converters
(Adcons) to two digital printers. A single
Channel of telemetry data was also recorded on
the strip-chart recorder which recorded the
NASA time code. The 3-kc (Channel-8)
telemetry was received via the JPL trans-
ponder and demodulated to a composite T/M
baseband signal. This signal, which contained
the cruise (15-point) data from launch to TV
warm-up, was also sent to the Adcon's and
to the Strip-Chart Recorders.
2. Communication Equipment Performance
a. RECEIVER PERFORMANCE
The ground receivers were tested for inter-
modulation {between video and telemetry};
crosstalk (between adjacent channels}; har-
monic distortion; transient response;
frequency response; and linearity. The per-
formance is summarized in Table 102.
b. PREDETECTION IF PERFORMANCE
With predetection recording, the entire IF
spectrum is recorded on the tape recorder.
Three characteristics of the recorder which
are important for subsequent recovery of data
are signal-to-noise ratio, time jitter and/or
wow and flutter, and bandwidth. The tape
recorders were required to have a signal-to-
noise ratio greater than 20 rib. Just meeting
this specification would cause a 3-dbdegrada-
tion in the resultant video-to-noise ratio for a
nominal mission (20 db C/N). However, the
recorders typically operated in excess of 30
db and therefore had negligible effect (neglect-
ing tape dropouts} on the detected video-to-
noise ratio for the Ranger flights.
Time jitter was the most noticeable contribu-
tion of the recorders to the recovered data.
The recorders were specified at 4 _sec/5000
usec, and 25 _sec/25,000 #sec. For the F
cameras, this corresponds to 3 elements in 2
lines and 18 elements in 11 lines (line time is
2220 _sec). For a driven sync (i.e., the sync
time constant is short compared to the line
time} the last element in a line would be dis-
placed at most 1.5 elements. However, if the
horizontal sync circuit has a long time con-
stant, which is desirable under noisy conditions,
the actual start of a line can vary by as many
as 18 elements over 11 lines. The recorders
were better than specified, but a jitter of
several elements could be expected if a long
time-constant horizontal sync circuit was used.
Therefore the sync time-constant was selected
depending upon the actual signal-to-noise pres-
ent on a given tape. The long time-constant
was used on playback only if the received data
was below threshold.
The bandwidth of the tape machine was speci-
fied to be 25 to 975 kc at the 3-db points.
This was wider than the 800-kc bandwidth
(centered about 500 kc) required for low dis-
tortion of the predetection IF signal. On
playback, the signal was passed through a
combination low-pass/high-pass filter to at-
tenuate the effect of the noise components,
introduced by the tape recorder, that were
outside the required signal bandwidth. (The
most predominant of these was 60-cps
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TABLE 102
RECEIVER PERFORMANCE
Parameter Value
At least 35 db below videoIntermodulation
(200-kc video; 225-kc T/M)
Crosstalk
(Adjacent channel 10 db above
At least 35 db below video
desired channel)
Harmonic distortion
Transient response
Frequency response
1 kc
upto 70kc
140 kc
180 kc
200 kc
Line ar ity
Less than 5% total
Less than 20% overshot
Reference Level
0_ldb
-1.5 ±1 db
-2.0 ±2 db
-3.0 _:2 db
Within 5% of the best-fit
straight line
noise.) The net result was that, for the signal
levels encountered, the tape recorder did intro-
duce a small amount of jitter but had negli-
gible effect on the overall video-to-noise ratio
or distortion.
3. TV Record and Display Equipment Perform-
ance
The final configuration of the TV record and
display equipment was essentially that de-
scribed in the initial configuration plus the
modifications previously described. For on-
line data recording, the demodulated signal
from the communication equipment was applied
directly to the display equipment. For off-line
data recording, the 5-Mc demodulators proces-
sed the recorded video from the tape recorder
before application to the display equipment.
The detected video signal (both on-line and
off-line) was displayed by the high-resolution
cathode-ray tube and photographed by the
35-mm camera. The fidelity of scene detail, as
reproduced on the film record, was primarily
dependent upon equipment characteristics and
calibration techniques. The following para-
graphs present the design specifications and
performance parameters for the tape recorder,
cathode-ray tube, and film recording equip-
ment. These items were of primary signifi-
cance in providing an accurate transfer of
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data from the received signal to the 35-ram
film format.
a. EQUIPMENT SPECIFICATIONS AND PERFORMANCE
(!) Tape Recorders
The design specifications for the Ampex FR-
1400 Tape Recorder are given in Table 103.
Of particular importance was the time dis-
placement error which results in horizontal
jitter on the 35-mm recordings. Performance
during mission usage exceeded design speci-
fications; typical measurements were 2 to 2.5
microseconds at a 5 milliseconds delay, and
8 to 10 microseconds at a 25-milUsecond
delay. The resulting line-to-line jitter with this
performance was of the order of 0.5 to 1.0
microsecond at nominal signal levels. These
high-quality video playbacks enabled enhanced
video pictures of the lunar scene to be
reproduced.
(2) Cathode-Ray Tube
The design specifications for the Westinghouse
type 4877Pll cathode-ray tube are given in
Table 104. Actual curves of tube performance
are given in Volume 2. Spot sizes of the order
of 1.5 to 1.8 mils were realized on later tubes
of this type. This extended the resolution
capability of the equipment to display more
than 1200 TV lines on the 35-ram film.
(3) Film Recording Equipment
The film recording equipment consisted of a
Flight Research Multidata Model IV-EXA 35-
mm camera with an f/3.5, 100-mm, Canon
lens. D-log E curves for the type 5375 film and
modulation transfer curves for the lens and
film combination are given in Volume 2.
b. PHOTOMETRIC MEASUREMENT TECHNIQUE
The procedure developed for achieving greater
accuracy in making photometric measurements
from the 35-mm film consisted of a point-by-
point calibration of lunar intensity vs film
density for the individual vidicons. Validity of
results was dependent mainly on three factors:
• Accuracy of calibrated light source and
validity of conversion to lunar values;
• OSE calibration to produce repeatable
set-up values both off-tape and on-line;
• Short-term drift of electronics and CRT
light output.
TABLE 103
AMPEX RECORDER SPECIFICATIONS
Parameter
Frequency Response
Harmonic Distortion
S/N Ratio (rms)
Time Displacement Error
Value
400 cps to 1.5 Me +3 db at
120 ips
< 1%, third harmonic for 1
kc at 120 ips
_> 25 db at 120 ips
--< 4 ps at5 ms delay
__<25 Ds at 25 ms delay
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TABLE 104
CATHODE-RAY TUBE SPECIFICATIONS
Parameter Value
Ultor Voltage
Focus Voltage
Spot size
Edge-to-center spot size ratio
Deflection
Focus
Face
20kv
7 kv
< 0.0025 inch
1:1
25 ° magnetic
Electrostatic
5-inch flat, aluminized
(1) Camera Calibration
At some time prior to launch at ETR and as
part of the overall camera calibration, a
series of black-bar patterns and extended
field source patterns were recorded on mag-
netic tape. Calibrated collimators were ad-
justed to present peak white intensities, black
field (capped lens}, and a series of intensities
between black and white. For Ranger IX,
conversion to equivalent lunar scene illumines-
cense was made prior to exposure. On prior
missions, set-up proceeded on collimator
intensities and conversion was made after
measurement. At this stage, the OSE Record
IF Converter and tape recorder calibration is
critical and was handled accordingly. The
magnetic tape records obtained were trans-
ported to the operational site at DSIF.
(2) OSE Calibration at DSlF
Prior to the receipt of the camera calibration
tapes at ETR, a complete OSE calibration
cycle was performed at DSIF. This confirmed
proper operating status of the communications
equipment, the tape recorders, and the proc-
essing circuitry of the display equipment.
For photometric accuracy, the electronic set-
up for data playback and on-line recordings
was required to be identical. Starting with cali-
brated test equipment, a Boonton FM Generator
and Univerter was modulated with a 1-kc
signal from a signal generator. Using the FM
generator calibration curve, the 1-kc deviation
was adjusted to correspond to the spacecraft
signal. Starting at the OSE 30-Mc input, the
detector and demodulator gains were matched
to the Subsystem test pattern gain at the video
amplifier {Film Recorder} input. Prior to each
tape run and immediately prior to mission
data receipt, this procedure was repeated.
(3) Cathode-Ray Tube (CRT) Calibration
Selection of CRT's for mission usage was
dependent upon analyzing various CRT-fllm
runs on individual tubes and evaluating them
for (1) repeatibility of results independent of
film processing, {2) optimum operating param-
eters, and {3) condition of phosphor. After the
selection of the mission CRT's, frequent runs
were made to confirm their operating per-
formance. A history was compiled for usage
in the final mission set-up. Figures 292
through 295 show typical grid-drive vs film
368
VOLUME 3 SECTION VII
2.0
1.6
)..
I-
Z
hi i2
0
J
" 08
04
oo, , I I I I t
-420 -40.0 -38.0 -360 -340 -320
GRID DRIVE (VOLTS)
2,0 B
>-
I-- 1.6
Z
LU
1.2
--I
E .osi
=E
.04
m
.00
-39.C
/ DEVELOPMENT GAMMA : 1.40
LENS f-STOP: 5.6
I I I I I
-370 -35.0 -33.0 -31.0 -29.0
GRID DRIVE (VDC)
Figure 292. CRT Calibration Curve, Film Recorder 1 Figure 294. CRT Calibration Curve, Film Recorder 3
2.O
>-
I-- 1.6
Z
LIJ
"_ 1.2
2
_- O.S
IE
I¢) 0.4
o.o I I I I l I
-51.0 -49.0 -47.0 -45.0 -43,0 -41,0 -39.0
GRID DRIVE (VDC)
2.0
1.6
Z
i.i
IO 1.2
--I
I,
=E 0.8
ID
0.4
/ LENS f STOP: 3.5
o.o I [ I I I I l I
-4_o -4_.o -43.o -4,.o -39.o -3zo -35.o -33.o
GRID DRIVE (VOLTS)
Figure 293. CRT Calibration Curve, Film Recorder 2
density curves; these specific curves show CRT
status for the Ranger IX mission.
(4) System Calibration
Upon receipt of the ETR camera calibration
tapes at DSIF and the completion of OSE
Figure 295. CRT Calibration Curve, Film Recorder 4
set-up, the tapes were played through the
system and the CRT G1 bias and gain were
adjusted to provide the proper film densities
for camera whites and blacks. Using the
dynamic range of the Subsystem vidicons as
a criterion, a density range of 1.5 was main-
tained on film from 0.40 ±0.005 black to 1.9
369
±0.1 white on negative film. With each set-up
run, the film development gamma was checked
along with independent CRT performance.
When the proper end-limits were achieved, a
final run was made of all light-level values and
the results plotted. Figures 296 through 299
are curves obtained for the Ranger IX mission
at the DSIF 11 (Pioneer) and DSIF 12 {Echo}
sites. To further minimize the effects of long-
term drift in set-up accuracy, a final run was
made prior to the third tracking period at
Goldstone; adjustment of drive conditions was
made at this point if necessary. Immediately
following impact, and on the identical film
strip as the mission data, the series of E FS
patterns were exposed. This record, developed
identically as the lunar data, served as the
ultimate calibration data for the photometric
measurements.
Using the above calibration procedures, the
inaccuracy possibly contributed by the OSE
was of the order of 1 to 2%.
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c. FILM DUPLICATION TECHNIQUE
As part of the RCA data package supplied to
JPL, a process for making positive fllmprints
and duplicate negatives under specified con-
ditions was developed. The film chosen as
optimum for Ranger usage in this area was
type 5235. Its advantages were:
• Extremely fine grain;
• Modulation transfer of over 90 percent
at the maximum frequencies;
• Well-defined and relatively long straight
line portion of the D-log E curve when
developing to a gamma of 1.0; and
• Capability of film to be developed to low
gammas with capability of commercial
lines.
In making positive prints and duplicate
negatives, the gamma of the original negative
(1.40) was to be reproduced. Absolute densities,
after normalization by subtracting out base
densities, were to be equal. Tests run at the
processor produced results adjudged to be
within the practical limitations of multiproc-
essing characteristics. The curve shown in
Figure 300 is an example of the positive print
and duplicate negative processing. The x-axis
values represent the A density values of 0.15
for the sensitometric wedge used to expose
the original negative; the y-axis values are
the measured densities normalized by subtrac-
tion of base densities. The positive print curve
has been inverted for comparison.
4. Final System Performance Parameters
a. JITTER
The information given in Table 105, lists the
maximum specified jitter for three levels of
S/N ratio for each channel. (Jitter is defined
as the maximum deviation from a straight
line.)
When, as per the Ranger Specification RTSP-
1200A, the grating test pattern was inserted
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Figure 300. Negative Processing Curve
into the 960-Mc RF Head out of the Test Trans-
mitter, power output was attenuated to provide
calibrated S/N ratios. Results were recorded
on 35-ram film and measurements made on
the projected image. The photographs of Figure
301, illustrate the overall system jitter
performance.
b. SYSTEM RESOLUTION
The OSE, as a system, resolved the 800 TV
lines dictated by the 200-kc bandwidth. As
illustrated in Figure 302, the resolution of the
display equipment exceeded 1200 TV lines;
through the 200-kc bandwidth system, the
800-TV-line resolution was easily observable.
C. RECORDED FRAME CHARACTERISTICS
The characteristics of the recorded frame were
as follows:
• Geometric Distortion: 1% (pin-cushion-
ing);
• Photometric Accuracy: 2% (from 30-Mc
input to film with Ranger calibration
procedures);
• Spot size on film: 0.0006 inch at 50%
amplitude.
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Figure 301. OSE Jitter Performance
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TABLE 105
MAXIMUM JITTER SPECIFICATION
Channel
F
P
F
P
F
P
Video $/N
3O db
3O db
20rib
20db
lOdb
lOdb
Max Jitter
(microseconds)
:e2.0
+1.4
:_4.0
+2.8
:h24.0
+16.6
400 600 800 1000 1200 400 600
A. SUBSYSTEM TV LINES B. SYSTEM TV LINES
Figure 302. OSE Resolution Capability
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